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Ground water

Normal water

Stream

Water table
during drought
AURS

From Conceptual Chemistry, Second Edition by John Suchocki. Copyright © 2004 Benjamin Cummings, a division of Pearson Education.
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Aquifers need to be profected

Municipal
wastewater
Fertilizer Solid-waste plant
G4 disposal site Soil erosion &
A
.. : Pesticide “Stve=ita River X 2
v : dusting By ‘ = N~ 2l '

: Aquifer
Septic Leaking
system underground
| storage tank
B

From Conceptual Chemistry, Second Edition by John Suchocki. Copyright © 2004 Benjamin Cummings, a division of Pearson Education.
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Formation of Hardness

| Precipitation

l | l COZ+H20—>H2C03 | l = l f l |

leestone "".;"5;1.5 CaCQ + H2CO3 —>?? fCa(HCOz)z

'Lua.,mﬂm awmsm
CaCo, : calcium carbonate Ca(HCO,), : calcium bicarbonate
MgCO, : magnesium carbonate Mg(HCO,), : magnesium bicarbonate
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From Conceptual Chemistry, Second Edition by John Suchocki. Copyright © 2004 Benjamin Cummings, a division of Pearson Education.
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Carbonate ion attracts cations

Carbonate ion,
CO42~

E— or

Sodium carbonate, ( i
Na 2C03

Calcium carbonate Magnesium carbonate

(@) (b)

From Conceptual Chemistry, Second Edition by John Suchocki. Copyright © 2004 Benjamin Cummings, a division of Pearson Education.
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Hardness

* anmigynminainadnunseanslungs:

< o Y a o Y2 e~ 1 &£
—lugdmgyinliiig soap scum vinlviduaassyunUY

CaCl, + 2C,H,,COONa € Ca(C,,H,,CO0), , + 2NaCl

—ilvsavavasiliunng
—Juauminliiinnisgaduluszuunia (scaling on pipes)

[~3 o v =\ a\ ¢ A v o d' =
—L‘lJ‘L!ﬁ']L%@Mﬂiﬂﬂ’]iLﬂﬂ—Uﬂi%UU’)’]a%ﬂﬂ‘dﬂautua\‘m’ﬁﬂﬂNaﬂ
U349 calcium carbonate

—RndyninuszuuguAnainige
—biinanznsuluniianuloun(Boiler) nlvautUaawaIY
UINVY

— i linangnsulussuuiiviasidu(Cooling Tower)

‘\
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. Y, ) Y, =
29UNSEA9URaN LA 3 USEnnAo

® Total Hardness

= < &
- MINQEY - UNATINYDIUILIUIN 2 MINKUA

- MIURUR - \UUNATINVDA calcium ions WA magnesium ions
(the predominant minerals in natural waters)

- wisaanla 2 sUluURe
1. carbonate hardness.

2. honcarbonate hardness.
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UNTLAT9LLURN LA 3 USeLnnAe

® Carbonate Hardness

- g8usendn "temporary hardness' 1W31890
0o v v DY, Y, Yy A o wvyw
A10150N19028AN5aU(N5AN) e el lasu
AUNSBUALLAANTISANKEAN (precipitate)  SAUA?
NUBLUSLIUAUAIN VU

- Ca**, Mg”* associated with HCO,", CO,*

Metropolitan Waterworks Authority



1UNsEA1LUIRRN A 3 UssLnnAe

* Non-Carbonate Hardness

o WHNLIBNIN “permanent hardness " 1ws1279114
4131501190290 AN8ATINSDU LINSIZRZUUNITAIIN
v = A
AUNTLANNUIZLAN non-carbonate hardness 394
ﬁﬁi%’ﬁh&lﬁ@ﬂﬂ'ﬂﬂﬂ'ﬁﬁ’l%’ﬂ carbonate hardness.

o Ca®*, Mg** associated with other ions, Cl, NO,,
SO~

Metropolitan Waterworks Authority



> AMUANNUSTZRI19 Alkalinity wae Hardness Tuinsssuu
N29lU 7dA1 pH 52%#3149 6.5 - 8.0

nsal Total Hardness > Total Alkalinity

» Carbonate Hardness = Total Alkalinity
* Non Carbonate Hardness = Total Hardness — Total Alkalinity

nsal Total Hardness < Total Alkalinity

« Carbonate Hardness = Total Hardness
* Non Carbonate Hardness =0
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Hardness Units

® milligrams per liter (mg/L) as calcium carbonate
® parts per million (ppm) as calcium carbonate

® grains per gallon of hardness (to convert from grains per

gallon to mg/L, multiply by 17.1) (1 grain = 0.065 g)

® equivalents/liter g

Eq - Wt

Equivalent =

equivalents
Oacids and bases: number of H™ transferred

Oredox reactions: number of e transferred

_ ———rmsaamET Uy



Hardness range
Description
(mg/L as CaCOs)
Soft 0-75
Moderately hard 75-100
Hard 100 - 300
Very hard > 300

Metropolitan Waterworks Authority



N15N1ANAUNTEANY (Hardness Removal)

AESNsN1Y0AINNAS=0O01Jdda NS00 2 ASA9

1. Ta1sIndrinJgASy1INuA1INs=01Jiknno=nau
(PREGCIPITATION)

2. IBnannasiandauudaauinuldis3u
(loN EXCHANGE RESIN)
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1
aAan =

sMslvansmilinu)nsenive linnaznau (Precipitation)

3 2 WUU AD
1. Gold Lime Soda Process

2. Hot Lime Process or Hot Process Soffening

Cold Lime Soda Process

- Yuw1q (Ca(OH),)

- lgmuay (Na,CO,)
- TggmlwW (NaOH)

SAMSEN WATER TREATMENT PLANT



FngUszasAiiainufsenfiuaunsedrauduinliifinanazneu uananids
Aogldansas1emznau(Coagulants) waza15¥28nnnznaw (Coagulants aid)
Wadunznaufitinainnisvnufsendenaraliaudisabdu
asaenznauiennaznauitenldndenldldun ssdu wesiadamn uas
wasIngaina

Unsgmiaall

1. Yuv11 (Cao)

UfA38132M13n CO, LATANAINUNTEAIIAITUBLUN (Carbonate
Hardness) 09l

CaO + H,0 — Ca(OH),

<
CO, + Ca(OH)2 —_— CaCO3l+ H,0O MAHASAWAT

TEAM



Ca(HCO,), + Ca(OH), —™ 2CaCO, i+ 2H,0

Mg(HCO3)2 -+ 2Ca(OH)2—’ 2CaCo, |+ Mg(OH)2¢+ H,0O
2NaHCO, + Ca(oH)Z_’ Na,CO, + CaCO,,+ H,0O

(%4

UjRzenvdnnnunsedneunlifus)faeyuund G0l

MgCO, + Ca(OH), @ — CaCO,,+ Mg(OH),

MgSO, + Ca(OH), — Mg(OH), " CaSO,
MgCL, + Ca(OH), —— Mg(OH), ;-\ CaCl,

AMNNTEANN1IT

N5 LUYuU1IA1AR MgSO, wag MgCL, Wfazdse CasO, uay
Catl, adparndnlaelifluaues(Na,Co.)

Metropolitan Waterworks Authority



2. lgauaw (Na,CO,)

loA1ua¥NUNNTEINUAINNTEA9A135  (Non  Carbonate
Hardness)w3aaunszdnsitlildasuaiunldnznauiliazane
drazdosldlaniuey 1 auyaiiiaiufisenduaanunszdig
weadpuitlaldansuaiun 1 duya wudy

CaSO4 + NaZCO3 CaC03+ NaZSO4

—p
CaCl, + NaCO, ~— CaCO3+
—p

Ca(NO,), + Na,CO, CaCO, + 2NaNO,

Metropolitan Waterworks Authority



dduadunszansadswinili@en azdesldlonuay 1 auyaniu
Yuu1n 1 duya wieviujisenduanunsedneannsuuniiden 1
GHHE

MgSO, + Na,CO, + Ca(OH),—> Mg(OH),+ CaCO,;+ Na,SO,

MgCL, + Na,CO, + Ca(OH),— Mg(OH), + CaC03¢+

Mg(NO,), + Na,CO, + Ca(OH);7™Mg(OH),+ CaCO,,+ 2NaNO,

Tun1sldlgaavazannlarunsea1eacla waldaiuisaanans
. . = [ ° aaa a N
(Dissolved Solid) Negluthlawmsienavasujnisenazsinamnae

?ﬁﬂ&lﬁﬁ%ﬁ'\ﬂﬁ’]

Na,CO, + Ca(OH)2 = Lime Soda Softener

) Metropolitan Waterworks Authority
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3. 1laaln (NaOH) unuyu-lenuey aniauiisendell
CO, + 2NaOH — Na,CO, +H,0
Ca(HCO,), + 2NaOH — (CalO,, + Na,LO, + 2H,0

+4NaOH — Mg(OH), + 2Na,CO, + 2H,0

MgSO, + 2NaOH — Mg(OH), + 2Na,SO,
4. §158319n2NdULAZESIIRNAZNU(Coagulants and
Coagulant aids)

Wiaaunszansinufisenduarsadionuaunisansgdnedundiazanaznawdy

aznauiazidenaasNenszateladne mMsldansasnsnenaunazasyigannsnou
: v = v v & < =1 v <

g lvingnawdiaian g saudinulunznaudlin lngdunazannznaulagi

Metropolitan Waterworks Authority




Unsgmiaadl

AL(SO,),.18H,0 + 3Ca(HCO,), —>  2AWOH), + 3CaSO, + 18H,0 + 6CO,
2FeSO,.TH,0 + 2Ca(HCO,), + %2 O, —> 2Fe(OH), + 2CaSO, + 6H,0 + 6CO,
v

2FeSO,.TH,0O + 3Ca(HCO,), + Cl, —> 2Fe(OH)3++ 2CaSO, + CaCl, + TH,O + 6CO,

Fe(s0,), + 3Ca(HCO,), —  2Fe(OH), + 3CaSO, + 6CO,

Metropolitan Waterworks Authority



Coagulant

(1) (2)
Name Chemical Formula

Alum Al2(504)3.14HZO 0.55 0.44
Ferrous Sulfate FeSO,.7H,0 0.66 0.58
Ferric Sulfate Fe (SO,),.9H,0 0.77 0.66
Ferric Chloride FeCL3 0.93 0.81
Magnesium

MgCO,.3H,0 0.72 0.64
Carbonate

(1) anuusnsfianas (me/l) as CaCo,

(2) anjusulaoenladiliia (mg/l) as CO,

Ansio 1 Mg/l U949 coagulant LAY
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nN15ATLUUSUIENS AL
1

1. Yuw1 (Cao) Aaniluguvas Ca(OH),

[Ca(OH),] = [CO,] + [HCO,T+[Mg*]+ [excess lime]

where
[Ca(OH),] = amount of Ca(OH), required for softening in meg/|
[CO,] = concentration of CO, in meg/!
[HCO,1 = concentration of HCO," in meg/|
[Mg”] = concentration of Mg?" in meg/|
[excess lime] = additional amount of lime needed to maintain

an elevated pH value, usually 1 meg/|

Metropolitan Waterworks Authority
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2. lgmuaw (Na,CO,) Aunlaneil

[Na,CO,] = [Ca**] + [Mg®] + [Alkalinity]

where :

[Na,CO,] = amount of Na,CO, required for noncarbonate

softening in meg/|

[Ca®"] = concentration of Ca*" in meg/l
[Mg**] = concentration of Mg** in meg/l
[Alkalinity] = concentration of Alkalinity in meg/l

Metropolitan Wa“erworks Authority



Lime required in mg/l = [Ca(OH), in meqg/l] x 37

Soda Ash required in mg/l = [Na,CO, in meqg/l] x 53

Metropolitan Waterworks Authority
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3. Yuw11 (Ca0) Aunaluzuvas Cao lédsil

lime(CaOinmg/l) = (A+B+ C)x%

Where :
A = CO,as CO, (mg/) x (56/44)
B = HCO, alkalinity as CaCO, (mg/l) x (56/100)

C = Mgas Mg (mg/l) x (56/24.3)

D = Excess lime required to rise pH to 11 to remove magnesium; it is
generally 10 to 20% of A+B+C : thus D = 1.1 to 1.2

E = Purity of the quick lime (0.88 to 0.95) ; therefore, E = 0.88 to 0.95

Metropolitan Waterworks Authority
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4. Yuv12Usznm slaked lime (Ca(OH),) Auaniluguvas Ca(OH), Tédsil

Slaked lime(Ca(OH), inmg/I) = (4'+B'+ C')x%

Where :
A'= €O, as CO, (mg/\) x (74/44)

B'= HCO, alkalinity as CaCO, (mg/l) x (74/100)
C'= Mg as Mg (mg/\) x (74/24.3)

D = ExcesslimeD=11t01.2

E = Purity of the lime :generally, E = 0.93 to 0.95

Metropolitan Watesworks Authority



5. lgauay (Na,CO,) dmi5un15AIINAINUNTEANIATIT
(non carbonate hardness) ATualARAN

Soda Ash (Na,CO,inmg/l) = (NH-L)x %

Where :

NH = Noncarbonate hardness as CaCO, (mg/)

L = Noncarbonate hardness remaing in the softened

water (mg/1)

Metropolitan Waterworks Authority



49UUSZNaUVBINSTLUIUNITNIAAAIUNSTZANIALISANKAN

1. 84n7U57 (Rapid Mixing Tank)
2. 99N (Slow Mixing Tank)

3. n9NAZNaU (Sedimentation Tank)

4. STUUNLAYS93A5ULUYU (Recarbonation)

34
34
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Slow Mixing anl[sﬁ'limdntatiaon : Solid Gontact Clarifier
| Hhl
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INLET RATE OF FLOW
== INDICATOR

INLET WATER
MEASURING FLUME =

OUTLET WATER
DECANTING TROUGHS

ELECTRIC MOTOR

ADJUSTABLE PADDLE BLADES

[
PADDLE BLADES
o LY A~ r—r—xtr T ¢ ]
S e v e e AN s i o) || M 4
[t Mg Tt ] SRt 36 0t oy | s A s 7 7
g 11 ! - o e o e e ) e o o o
: Nty ’ 2 At g o ca b s 4B v T MO
s v i A | .'-Il,c..-...l.i-.I.! ..... Te !
. b { v
A e &L ': Fltobe , M N ! (W " !
: et . e ' o L
’ F {14 - '
fa « ’ ~ i y . i .- .a. b ~ allg e, . CPILAL. ! 4
NP NN S | NN L) - =
o OB Ty U H 1} ! i3 A\ p
s\, oM 2 -Y . 1) A
W ’ . 'y - Nid Y - ) "
b .". . . ¥ .‘_ " - SLUDGE
. - . Lt i
A ; 3 "'/ CONCENTRATOR
. “' -‘ 4 .
i - | b
v L . " = d 0
g . u . 4 ) o . . < »
o UL )L g : X v
o : ' A SAMPLING PIPES
' piilis ¢ [ — -
el L5 oy ¢ty

ADJUSTABLE SCRAPER BLADES SLUDGE DRAW-OFF AND DRAIN

ol 16.6 Salgdadaouunaviuuy Sludge Blanket
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Design Criteria

1. Flash mixing

- Mixing Energy (G) 300 to 500 sec™
- Mixing Time 10 to 30 sec

2. Flocculation

- Mixing Energy (G) 5to 50 sec™

- Mixing Time 30 to 40 min
- Flow Velocity through ports 0.5 to 1.2 ft/s(0.15 to 0.36 m/s)

NOTE : Adequate mixing time is very important because of the slow reaction rate

- ss
;



Design Criteria

3. Sedimentation

- Surface Loading 1.9 to 2.5 m/hr (rectangular tank type)

2.5 to 4.4 m/hr (sludge blanket type)

- Detention Time Minimum of 2 hr (rectangular tank type)

Minimum of 1 hr (sludge blanket type)

- Weir Loading 11 m’/m.hr (rectangular tank type)

15 m°’/m.hr (sludge blanket type)

- Total Water Loss < 3% due to sludge withdrawal

_ 39
39 o



Design Criteria

4. Recarbonation

- Carbon dioxide diffusion tank 3 min minimum contact time
- Recarbonation tank 20 min minimum detention time

- pH of water after recarbonation 8.7 to 8.8

NOTE : the use of liquid carbon dioxide has become more commonly

practiced for recarbonation

TR _440
40



Recarbonation

CO, + H,0 ¢> H,CO,

Metropolitan Waterworks Authority




Design Criteria

5. Filtration (Dual Media Bed)

- Filtration Rate 10 to 15 m/hr
- Anthracite Coal
Depth 0.5m
1.0to 1.1 mm

Effective Size

Uniformity Coefficient < 1.4

Specific gravity 1.67 to 1.7
- Sand
Depth 0.25 m

Effective Size 0.55t0 0.6 mm

Uniformity Coefficient < 1.5

Specific gravity S 2.63
Backwash rate Average 50 m/hr



’_e Process or Hot Process Softening

14

gusauIuaninin lnlinannweeil

1 A &

1. anUSunaugannliedluinlvianasauiiaglhiiu 1 WD

Y

2. a0 P uag M-Alkalinity Tuinlvianasdnuaunile vinlilmvyuegly
szuuvaalia latlauiuiu

3. d11150aAAMNNTEAAALTs UL A LUNTLIFauadlau19dIuLLazan
UNUHIULATD9MINUNB9U (lon Exchange Softener) aglaunidiaany
nszanelaitiy 1 NNLdY

4. aAUIUIUEITATANY (TDS) WAZEITHYIUADY

5. lafwnazaiguiaanla

Metropolitan Waterworks Authority



- 511 6.7 51081880223 Hot Process Softener Wazla3asnsas

VENT

VENT CONDENSER RAY VALVE WATER BOX

g 7 E{ 7-\ ] TO BOILERS

s s ]

Pa==se

=)
k

INLET VALV(dAY TRAP RETURNS
Wash Water
CHEMICAL
HEMI ‘X : Ex"f:::;fs'“- Recovery
il N ventladifiniudh lazlulafneiasanetiteanld
-~ -—""=:?-“_--'a..:ﬂ}— .
S s lihiigapdudnadiadu
!.r-m-ar-r--ra- b-”:ﬂl
ORAWOFF ¥ -
FLUME \%:
: : 1 Ay o o~ v a 2
3 i UINLVIINTDINANINIDULASUENINLU LAY
! ! ¢ v aa
{ 1 Fadinuautflunisazanadaniandansng
§ ! = ° o aa
& laa93ndudasldasnsesiiusaandani
- : | ) _|-SETTLING TANK .
i ' ) i waun sl
ot % i
|
I ! /7 WATE OF FLOW SURFAGE WASH
i i INDICATOR WATER INLET
i
\

CHEMICAL TANK

1? ,

CONTINUOUS S I ™ sLUDGE Mwis L FILTER - -
BLOWOFF L VALVE PUMP P — Filtered Makeup
6 ienen 10 SEWER Water Qutlet




(- %4

Waldyuvuazlaniuay astiau)nsenndl

2HCO, + Ca(OH), —— CaCO, + CO,? + H,0

2
Mg+2 + Ca(OH)Z ' Mg(OH)2 + Ca™
Ca? +C0,2 —  CaCo,

5%UU Hot Process Softening WanannvanAIUNTZAI9LAIE S LY

& e Wyva v ad 8 =~ <
anAulussluilaanae laganwizlunsaindaiidnaanudy
anglusuluneuluaisuaiunun

2NaHCO, + AUSBU —— Na CO, + H,0 + (:oT2

Na,CO, + H,0 + A2u¥au— 2NaOH + CO,'

Metropolitan Waien#8rks Authority



52UU Hot Process Softening azuUszundnailganaluns
Wagusuluansuaiun waglvgudy (waai@audamn)
anaznaUluLAaLTENATTUBLLUADNT

NaZCO3 + CaSO4 — NaZSO4 + CaCO3

Y v

v 2 o % 12 a aaa =1
wazan luidiyued anunseaeanlsegnasinaufnsenlanell

Na,CO, + Ca(OH), — NaOH + CaCO,

MgSO, + 2NaOH —— Mg(OH), + Na,SO,

Metropolitan Waterworks Authority



gmﬁ%’fﬁ’m’am Hot Lime Process or Hot Process Softening

1. ATLYEAIULABa79 (Dilution Correction Factor); DCF nswulavnastuluge virlminluga
Un3endenale Usunauaseiifldunluisdeaddsundasiviiosmnusuinsunludsugnien
LY D991990N15ATUIUAITALTLAINULIDDG FI91)

DCF = 1
T o o
1+ Ususlounly
6 9&'{ =
UauUnuUInU
UoUR LUy LOUNIAVYDIUNUSUANINILAT - LBUNIAVVDIUIRU
UsuauIny LPUNIAVVDILDUIAU - EUNIATVDINNUSUANINLAR

dusuAteunial (Enthalpy) vaslethidumlaainaisislolnluniideineiduleun
Metropolitan Waterworks Authority




; = how -
E‘n’rhc"P‘j y Frea Eme [67 C “U

ABLE 3-1
Standard enthalpies #d free ene/vées of formation at 25°C

\Aﬂzos)s, AGgos, Sub- A H 3y, AG2os,
State® kJ /mol KkJ/ mol | stance State™ kJ / mol kJ / mol
aq —543.0 —553.0 H,O lq ) 7-285-‘-9\ —237.2
c —1,207 —1,129 H,O g (=241.8) —274.6
c —1,215 —1,162 HS~ aq —17.66 12.59
c —986.6 —896.8 H,S @ —20.17 —33.01 v~
R0 e —2,021 —1,796 H,S aq —39.33 —27.36
g —74.85 —50.79 | H,S0, lgq —811.3
g —84.68 —32.89 | Mg?* aq —462.0 —456.0
aq —488.4 —399.6 Mg(OH), ¢ —924.7 —833.8
aq —488.9 —372.3 Na™t aq —239.7 —261.9
CH,OH lq —277.7 —174.8 NH, g —46.19 —16.69
] aq —908.0 NH, aq —80.83 —26.65
g —393.5 —394.4 NH ; aq —132.8 —79.50
aq —412.9 —386.2 NO; aq —106.3 —34.52
aq —676.3 —528.1 NO; aq —206.6 —110.5
aq —329.1 —276.5 OH ™~ aq —230.0 —157.3
aq —87.86 —84.94 | S2— aq 41.84 83.68
aq —47.70 —10.54 | SO2- aq —907.5 —742.0
aq —691.1 —587.1 Zn2+ aq —152.4 —147.2
aq —698.7 —623.4 ZnS c —202.9 —198.3

a g—aqueous, c—crystal, g—gas, Ig—Iliquid.
-;],-"‘ 1 kcal = 4.184 kJ.

TECHNOLOGY FOR

WATER SUSTAINABILITY

wun1al (Enthalpy) fis Usunaanudeudidiudiessnainszuu finnuduasi




2. Tun1sAaruaUsuNuasIALNAB 9 LY NLN39 tLLN1SYALTELLDINN
n1319ea19lelviAmMey CCF (Cold Correction Factor)

CCF = 1
DFC

Ysunayguunanlyads

= (meg/l HCO, + meg/l Mg - meg/l OH) Raw Water -

CCF(meqg/l HCO, + meg/l Mg - meg/l OH) Treated Water

U3uraulnnavnigass

= (meg/l Hardness - meqg/l Total Alkalinity ) Raw Water -
CCF(meg/l Hardness - meg/l Total Alkalinity) Treated Water

Metropolitan Waterworks Authority




N15ASIFBUAMNINUI

% d' 1 1 = v a g ¥ 1
n1snsvdauuawitiNagIldyuvtuinvsadaeinulutualaainan

P- Alkalinity Waz M - Alkalinity 6181 2P - M Tanduauuaduansinldyu
a QY = A 4 M Y Yo aaa = 1
v1uninuldianies dsdiluaisuauninlilavinugnsenvaoss

%4

NS0IN 1LWBﬂﬂﬂ’3’lﬁJﬂ'§°’ﬂ’NTWﬁJ']ﬂ17lEjﬂ mﬂfmﬂuuﬂmﬂmmw
sl

2P-M = 10 - 20 ppm

§1u1nn31 20 ppm AATARUSINIAYUUIIAY ke M - Alkalinity
= 50 - 60 ppm AUNTZANE = 12 - 20 ppm

, 0
Metropolitan Waterwo ks Authority
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2P - M

= 0 ppm

ﬂ’iiﬁ 2 L‘W@ﬁﬂﬂ’] TDS Iﬁlﬂu’]ﬂﬂﬁﬂ ﬁ@ﬂﬂ’)UﬂﬁJUﬂi‘l’iﬁJﬂmﬂ’]W
i

(anyuv1nAgendni)

M - Alkalinity = 40 - 50 ppm
A27UNTEANS = 15 — 25 ppm

n3ai#l 3 peduIaN IMNNTgn

2P -M

0-10 ppm

Metropolitan Waterwcirks Authority



Tanannisuaniudeudasulagluis@u(lon Exchange Resin)

Usendans

U .A.1850 tniasivnidangeenauddu iWuddunulsingnisainig
waniUasudasuvasiu lagnrsinansazatguaulatandaing (nH,s0,)
Wufu Auazduwenlulelivazlduaaideudaiaunun avaunis

Ca-Soil + NH,SO, NH,- Soil + CaSO,

faunladnisldasannandlalan zeolite) %30 Sodium alumino

silicate  @aluusunaviiaeglufududuaniasudasuld aud
LY = (% o Y 4 < o <

A.A. 1905 UNLANYIITINGY YD Gans LARIATIEN Zeolite LUUHARITA

i lisiagavreatasuazldnuagiunsvatgluvazdundludagiu

AN AN NV AUNVMLNAREINUL Tlalad /‘\



Ca’" + 2Na*Z

Z = Zeolite

Tud a.f. 1935 UNATY109NE¥ Adams kaz Holms H18150FATICH

2Na* + Ca’'Z,

d15UsenaudunIgnNdauvn lun1swaniuagudoaulanazinisnaunlaedl

N1SAUNUITNITAIVBYIENINGLATUGErene) LAY

\Duddusenindnadlnduidendn Crosslinkage ey “159u

(Resin)” @eililinAaudnanasl

YsunaSouazuas ove Nlleglutsdu 138n91 Crosslinkage 1s@uLllaw

' 3 = < < 1 a 1Y 1
agluthasiisianglulnssagnngluannung deauazunsitnlugnieluis
a < v A Y oA i = ¢ < = <
Fuarugangwanil arlandasigud ovs gefazlivuinvasgian

B Metropolitan Waterworks Authority



1A5951959U (Matrix)

1. Gel Type(taals) ddnwaeluaaigJuaiunsaussy Functional Group a
WNuATINTY vuaankazauin (\Ju Membrane) deidsfio innsgaduls

Ielay an1eandu Strong Anion

2. Macroporous Type ﬁmquummfj’]ﬁ@ﬁﬁuﬁﬂamﬂﬁq 100 m%/g vinln
Lideugadulag Polystyrene divinylbenzene copolymer sxfilasesnadon
P719989 DVB 8-12% laevinludn %DVB toe nsuiusa nsvasaziiunn Ans
AadeonvedloosunuLsTUz AL AINLAALLT ISRz oA

3. Opaque Gel(taafiunas) JlASIT19NLTILSI WANFIUISSU Functional

Group kasdnnAFIlaLINNOANAIT

Metropolitan Waterworks Authority




N15111199U (Softening)

sruvvdatesaulszyuanursiiawindunlyaruiuuin fAa n1g

A1AAAITUNTLANNNONAAUITDU I5N1TNIUDDUIL LY LSTUIN

WANNIALA (strong acid cation resin) wazarsWunUsENSA N

A1)

(regenerate) A28UNABLNY (NaCl)

wfidraziduviinuszquannsaud uadideuSendudn dlalad
(Zeolite) wialwAsudlolad (Sodium Zeolite) #iSonwuil
desanluadenaunisnisanatunszdrsldnseiden (Green
sand) @ududiuusznouaas Alumino Silicate wazi3aning
Talann1AnAUNTZAY

Metropolitan Waterworks Authority



ISPUYUAUITZIUIN-NTALN (Strong Acid Cation Resin)

3l Functional Group Wu Sulfonic acid §idesulszafiine

R-SO,

a 1 < a oo v a
RULUUYsERUAN-NIauA WusBuniinisldauunigalu

WINLsTUYsERUIN Uniazeglusuvas

- indalaiey (R-SO,Na,) w3atsendn Sodium form

- TugUvas H* (R-SO,H,) w3atsend1 Hydrogen form

TECHNOLOGY FOR WATER SUSTAINABILITY




sUuuuLsTUUsZaUIN-NIALA (Strong Acid Cation Resin)

- TugUves H* (R-SO,H,) w3a138nd1 Hydrogen form anunsalyly
N153U82aUUTIUINNIVUA

- TusUvas Na* (R-SO,Na,) 381380491 Sodium form #unsaly
lun1sSudesuresanunszataivariindau(Softening) uatiie
agafin duauendelunsgnivdmiudesuuszquaniidsdl
Ca*” > Mg > Na* (1ndefifiuszageazsinisuanildgunauindai
Uszaangn wagasiihimitinazaausnndnazuan Wasunouans

1%
o (%4 v

Y
N YrUnasnauuagnldi)
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Polymer

chais #leTx(styrene) Cross-links

Divinylbenzene (DVB)

Fixed resin
functional groups

Exchangeable
Counterions

(&

MAHASAWAT
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Strongly acidic
cation exchange resin*
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lon-Exchange
Exchanges Na* for the hard water cations

Hard water

Resin beads \

Softened water

From Conceptual Chemistry, Second Edition by John hocki. Copyright © 2004 Benjamin Ci i a division of Pearson Education. ‘ ‘ e
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lon Exchange

HARD WATER

Softener
S Resin Tank

Depleted
Resin Beads e o

Resin Beads

Resin Beads,

SOFT WATER

-Q =
+-+ B magnesiumions
++ v cacumions

+ . . Sodium lons

«<
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Sodium Cation Exchanger

Softening:

Sodium cation
exchanger
(insoluble)

Regeneration:

CaR
MgR
FeR
Hardness

with resin
(insoluble)

[((HCO3),
so,
(Cl),

Hardness
(soluble)

-

2 NacCl

Regenerant
solution
(soluble)

CaR 2 NaHCO;
— MgR + Na,SO,
FeR 2 NaCl
Hardness Treated
with resin water
(insoluble) (soluble)
CacCl,
—  Na,R + MgCl,
FeCl,
Regenerated Waste
bed or brine
(insoluble) (soluble)

«<
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Vah - VaLH8VDIITULUUNTALA (Strong Acid Cation Resin)

ho))}

v
V9

1. AR fidefismnsedu

2. @u1sauen Nat aannaswnela

3, anunsananiUdeulosauldsango

4. 8AMUAWNY 213919 lauUng 20 Ynsaurundn Taedinng
gudsunainluiisadnios

5. wnzdwiuldmhinanunsedradelunsinilfuians

(Demineralization)

SAMSEN WATER TREATMENT PLANT




Yah - VaLduUdLITULUUNIALA (Strong Acid Cation Resin)

v =
UBLEY

1. AUs28N5n luNS regeneration A1UszUN 25 - 45 %
N liaulaednstad lun1ssLaL UL U

SAMSEN WATER TREATMENT PLANT




YBAVDINIS LYLIFUVINUDDU

1. @nsandnuInianunszanstdoendn 2 Widulugd CaCo,
2. NM3199UAUANGIE FIUITARAAITZUUNITENS 3TUTUkUY
anlusinla
3. Asa1esBuiNauyUseansawiy Tdndedmnladauasd

AM1AQ1N
U

4. Lidideynseanisurtaing

Metropolitan Waterworks Authority



YBAVDINIS LYLTFUVINUDDU

5. N15iUAgULUAW59ANNLUSUSIUYDIDNSINIS LIAaUaIUN
Tugrwmtisaziinanssnunsziiausaann niladaguin

74

6. liinanduasasinutsaunsivunaluguwsaian aunsaldeu
Tulausgansniwgale winviazaanlunisldauununnauis

" Metropolitan Waterworks Authority



v ) %

2IMNAVDILAITDINIUDDULAIY

1. VAN LALANIZAMUNTLANLAALTYULAZ LN UL ULV U

2. YAUIULAT9 9188 UARIHAUYUAINGY 1 NTU 61A31uuiin
AUgIUTEANIA YRR ITULUNIIAIINAIUNTLAN9ALANAY

3. idufiuannnszuaunsiildansdulunismnazneu Fassesingeds
aglidUTunaeralitudesuniniiuadswszazldmanedas gy
gfinnsldiansduneuninduaiewitnideunzdosdinnsaruauen
pHlegludasfituunsgradusnaialiniasinisou
AUsEANSAINGS
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v o (Y t-'Hl o Sg 1 = v dy

DAINAVDILATDINTIUIDOULRNIU

4. Usunasunanluunfnuliadsiiy 0.1 $a8n5u/a05 INS129891a18
< a o 1Y 1 g < a v = <@
mmwu‘lﬂaLLmﬂmLﬁzl'flﬂagiumasuaamﬂLiszju OINUINULAAN
vvelanzduaguin AvIvINBaNNaULIILATRYINUNEaY

5. drluthdansivivthiduaseandladag1agunss Wi Aaasu
velusandladiinanedasdula desldarsndnuaudalunissnod
1w Loeudgalne wiweluvinananaaiu
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AMNVYNYLAALSTUIUD DD UVINANITAULAY
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IT----P’;S-SU'_---------- 1 2y
|= o ---Re'------------'-----ﬁﬂﬁﬁmd‘.ﬂmﬁfy--|
B s o : FrimaryPressure RO Unit Meter 1
i o . ™ ® |
[ : I [ [__l_] i
1 G .
i 1 1 =l G 1
N 1 1 S 1
] 1 1 e 1
] 7 |1 1 , 1
' 1 1 RO Final Sample Port 1
: Cartridge 1 1 Pressure :
H Filter 1 1
’ 1 5 Micron 1 1
i I Sand Softener Dual Column Activated T | : Highl Concentrate Permeate I

i :
= Chlorine R Watar I: Raw Water: Filter Carbon | + Pre-RO 1 Pressu Flow Meter Flow Meter :
Injection Tank Iy Booster Pump 5) = Oy, I 1 Pumpp 1
i : (4) (6.1) (6:2) RIIEsELEE [ 8} I H
2 ! @y ! (®) : I i
P ] e e e S e e P e S O S e e S o e S e e e e s N V= Sy TS L P ——— |
Drain
Return RO Filter Pressure Ventilating Filter
0.2 Micron
e
L7 =, /8
> I »le
l l l l l Re-circulating Loop Pressure 1 —— l—
Loop Pressure Regulating
Dialyzer Cleaning TechnicianStations A
0.2 Micron Filter Sample Port

@ (14)

Eraiee

1 1
1 1
: UV Light : < C =P
1 1
' i

Sample SAMP I e o o o o e !
Hemodialysis Machines Port

Supply RO Filter Pressure

4
®

(11)

0.2 Micron Filter Port Transfer Pump

@ @ (12) (10)

i wilsdeuumeUuR Ses nswsenthuiais wenswenideneisedlaiioy w.a.2564
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A2INEI3150 lUN15AUDDDUVDILTTU

A1HIAINEINITOIUNI5IUDDDUVDILITU AD Exchange Capacity
aunee Usunalleaaudiisdunanunaini (@ndnileduya vse
nlunilgilainsuvesiuyu) danulgusunnsvaansdu wiqe
uanslinAuEnsavensdy Seeraliuldvansuuudel

1. vlgaNLanaUININTVRUTTU LYW meg/ml , e/l
2. VUIUFNLARDUIMLNVBUTTU LYY meqg/g

3. YUPUIUN (‘Iumauﬁugwiaﬂ%mmmmLse?m LYY

nlansudadng %39 Alawnsuse au.nm)
1 grain = 0.065 gram

1 gallon =3.785 liter

1 grain/gallon = 0.0171 gram/liter = 17.1 milligram/liter
| Metropolitan Waterworks Authority



Cation Exchangers

Acid

WWweak Acid

Strong

Macroporous

Macroporous

Gel

CNP 80O WS

-

S 100 Ws

SP 112 WS

Na

H

Na *+

sulphonic acid

carboxylic acid

sulphonic acid

crosslinked polystyrene

crosslinked polyacrylate

crosslinked polystyrene

macroporous

macroporous

gelular

beige, opaque

white/yellow, opaque

light brovwwn, transiucent

0.4—1.25

0.4—1.60 0.4—1.25
D53 (= D-05) 0.55 (= 0.05) 0.55 (= 0.05)
W-E 1.6 1.7
750 850 840
1-19 1.29 = Weody
45 —50 45— 48 45 —50
G Go) Gro
== -+ 10 -
—20 to 120 — 10 to 120 —20 to 120
oO—14 o—14a o—14
= 2 =
—20 to 40 — 10 to 40 —20 to 40
75 120 120
5—14 o—14 o—14
600 800 800
2 e A=A 5 [ |
250 150 250
50 50 50
: 1=2—14 Lk 14—18 1418
HCI H,.SO, HCI1 H,SO, NacCl HCI H.SO,
70 Q0 50 80 Q0 55 80
3 -6 05—0.8 4—6 1.5—3 8—10 4—6 1.5—3
5—20 5 5
S5—20 5 S
3.5 =25 2.5
a 2.5 3.5
60 —80 60 —80 60 —80

(&
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Design Criteria for Resin Regeneration

1. L’Ja’lm“iﬂumi regeneration resin 17'i 40 U
(Design Criteria = 30 - 60 U1%)
2. aAnuuduinaafldlunis Regeneration = 10 %
(Design Criteria = 8 - 10 %)
3, USunsindawnsdild Regeneration : Design Criteria
= 2 — 7 BV(BED VOLUME ¥94t3%U11i2880%)
4. Sasnsivavesiunde = 0.1BV  ans/unil
MsTauLeLs Y vaneds nsvinldsdufinunsiusluudanduilustuaniisiuns

Tunrsuanasulosaudn

79



UsetAnyas s Exchange Capacity (eq/1) Regenerant

Total (Max) Working Ratio
N3ABaYU 3.2 0.9-1.8 1.05-1.10
ANBaY 2.5 0.7-0.9 1,314
ASALA 2 0.6-0.9 1.8 -3.0
aNun Useam 1 1.3 0.4-0.6 1.8 2.0
Uselam 2 1.4 0.5-0.7 1.6 -2.5

TECHNOLOGY FOR WATER SUSTAINABILITY




ININ15NI9TUVSszUULaniUasulaaau

seuvnaniagulesausraniaunuunazin (Batch) #IsLLuy
faLilad(Continuous) 7)ININITNIUVBALITTUL 4 VUADY
ADLUDINUAIY

1. nsuanwasulesau (Service)

2. NN381989U (Backwash)
3. N193LAULUBLIVU (Regeneration)

4. n15¥2a19 (Rinse)

Metropolitan Waterworks Authority



noulsaius

Haalaraiu

«<

1 v © a a
AUAINUABDNTS LYUVDLLALSTUBEA MAHASAWAT

1 (4 < a /=Y
ANNUNDNI N JLUALIYUVUANLIA
GEL Ll {LGU SXCRL Macrorecticular TEAM




A5NMSYNEIAUUBLITUNDE 2 ANYINE A

1. M55 Euuatstusuulyuamu (Co-Current Regeneration)
Wun1snislauuasIundianafgnunisianiUasulosau

2. M55 @uUaLstusUulnagIunIy (Counter-Current
Regeneration) lUUN151N31U-UaLsTUNTAAM ansanudununng
waniasulasou
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| () End of Service Run End of Cation-exchanger Regeneration
Cation Exchanger Anion Exchanger (v) Cocurrent  (n) Countercurrent

A

/Na+
Mgt

e

++
Ca

Ca'H'

|

Mg+ W///////////

///////////////

-

Fully
available
exchange

sites

/
/
A

I

ANYULVRITULSTUTUDMAIRINA1sTULUU Ian)

ANPUZUDITULSTUTUN 19U DD UIULANUA

nuwazluagiunig

«<
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N15La9NUSSLNANVDILSTU

nnUsTaeA

USLLNANVDILSYU

YUAVDIILAULUDUTUR

1.119AAIUNTZANS

(Hardness Removal)

LSYULUUNSALLA

(Strong Acid Rasin)

LNADKLAY (NaCl)

2.1130A19

(Bicarbonate Removal)

LSPUBUUNSTNDDU

(Weak Acid Rasin)

NSALNED (HC

NSANINLAU (H,50,)

Da

3.41U38N5

(Deionization Water)

LSPULUUNSTALANIDIDU
WAZLSBULUUATGLNNRTD DD U
(g 2 danannunSapaNn
Tugaeante)

NSALNAINIBNITANTNZOU
wazlaanlnusawauluie

85




N15ATUAUSUINSLITULINDNIANATNNTLANLLUUIE

e iikne 1789

1. Equivalent = S (em-eq)
Eq-Wt | o0

Moleculae Weight (M.W.)

2. eqiivalent - Weight =
(Urdnauuag) Valency U7 %39 au

3. Equivalent - Weight = Moleculae Weight (M.W.)
(Uniinguyad) A.5.4.Valency

86



91N Specification VYBILIFULLUU strong acid cation WuUU Na
form #A1 Total exchange capacity Ussanad = 2 eg/l

Moleculae Weight (M.W.)
Valency U7n #39 au

1 [Equivalent - Weight =

CaCO, I Moleculae Weight = 40.078 + 12.011 + (15.9994x3)
= 100
CaCO, i Valency = 9

100

lWS12aUY Equivalent - Weight = 50

87
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) Equavalent = S
' Eq - Wt
, - 8
. / 50
21nA1 Total exchange capacity (spec)
g = 100

LWS12RUY L3PU strong acid cation WUU Na form 1 8613
d413150119AAIUNTLA19aN lANLA 100 NSY

Example

Total Hardness

A mg/l as CaCO,
A ¢/m’as CaCO,

Raw water Flowrate = B m°/hr

Metropolitan Waterworks Authority



ANSTU 1 AT d101SAN1A AMUNTLA19NLANUA 100 NSU

AIUNTEATN 100 NFU A lYLsdu = 1 ang
& v v oy ¥y a A a
IWI1ZRUUAMNNTZANN A NTU Aodldisdu = 2 ang
100
&’ﬁ a A a o o 1'% 1'%
nszaztl 158U - 8RS EuNsaiTn AuNszAeRnldntn 1 au..
91N Raw water Flow rate = B m’hr+
] v Yy a i a
N YTl 1 auva. easliedu = o ans
3 a a A a < o
Vhinanidu B aua. fedléis®y = 0B Ans T 1 alu

WAUTZANS AWV UITUNUTZU 50 D9 70%NUU AIUUUSUIASLSTUN LTS

A B

x a &, &
100 efficiency ani v 1 Gggfﬂg‘lsi

Metropolitan Waterworks Authority




297 1 N15ANULIUNRIUSUINSLSTU

Total Hardness

120 mg/las CaCO,

= 120 ¢/m°as CaCO,

3
Raw water Flow rate _ 50 m%hr

Resin Efficiency = 60 %
adn o
001 /B/
: A
E tion :|Volume Resin = ¥ .
qud 100" icieney | Liter/r

120(mg /1 as CaCO;) x 50 (m
100 x 0.60

3
[h7) | iter/hr

. Volume Resin

= 100 Liter/hr

Metropolitan Waterworks Authority



- §UURA operate 53UV 10 ¥2LU/WU

- AB9NTT regenerate L5WU 15 IU/AT

-, S2YLLIAINTTVINIUYDITSUUNAAVISNUAIUAY N1T regenerate

= 10x15 Falug
= 150 YPTR
210 Volume Resin = 100 am/eij"qim
. Volume Resin ﬁé\’aamsﬁy’wm = 100x 150 Aas

15,000 ans

B Metropolitan Waterworks Authority



1
=

8949 2 N15ATUIUKRIUSUNSLSYU

%4

NAILASIZRADE19UIN 1

Na® = 20 mg/l Cl = 40 mg/l

Ca** = 15 mg/l SO~

30 mg/l
Sr¥* = 2 mg/l

Mg? = 10 mg/l
IATUIUNIAIIUNTZANLAZUSUINSLSTUN LY LUN15N1AAAINNTEANININURA?

35911

1 Y

99aUUVINNAINAUT 2 WNUUNYN AN AANNTEANe TUNi

Ao CaZ*, Mg?*, Sr#*
7 Metropolitan Waterworks Authority



1. Cation Equivalent weight  Hardness mg/l as CaCO,

2+ 20 15 x50 _ 37.5
Ca 20
Sr2* 43.8 2x20 = 23
43.8
Mg?* 12.2 10x20 = 419
12.2
Lwaqgggﬁu Total Hardness = 80.8 mg/l as CaCO,

Metropolitan Waterworks Authority



S
Eq - Wt

2. Equivalent

Moleculae Weight (M.W.)
Valency u2n 39 au

Equivalent - Weight =

CaCO, I Moleculae Weight 40.078 + 12.011 + (15.9994x3)

= 100
CaCO, # Valency = 2
LWi’lZQ%‘iﬁ?ﬂ Equivalent - Weight = L;O _ 50 |
IWSZRTT Equavalent = M-a/ NARLIN
50

= 1616 x10° eq/| +—— ¥NIAU

B Metropolitan Waterworks Authority



n1sAUINIUsHInssRUllaegegnaes AeedinisAuInUTInsIsRuRalId MU
WIPUANTAZANYLNABLNWAZITIUNNS Rinse  LAL991nUSUIRSUIAINENI LR8N
WBUTIUgUNUUTINAA ALY 1 U 399198nuliduIN1IAe N1 IRATUIM8TU

210 Specification ¥a4L5@U UAT Total exchange capacity = 1.75 eg/l

lWS12REUU exchange capacity 1.75 eq U1NLTFU = 1 liter

N1MB9INITANTAAUNTEATY 1.616 x 10 2 eq zABILYLSTU

= 1.616 x10>%x1 liter
1.75

= 9.23 x 10™ liter

ISR UUOABINSHNAALN 1 AR5 1nelAa1u15aN19AAIUNTZAN9DDN LANUA 7D -
T sTuUinnu 9.23 x 10 8RS MAHASAWAT
TEAM



%4 1
o A

- AUNA DNTINTHANUINABINNT 4 gnUIANLUAT/F2LUe (operate 5EUU 10 Falate/u)

- (@915 regenerate 1STU 15 TU/ATY

1981 1 Blue Nanunla

4 gNUIANLUAT

61 operate 3¥UUNEN 10 x 15 ¥3Lus azndnunla _  4x10x15
& a 961 (3
IWIITRTUUANANUILA = 600 @nUIANLUAS
NNSHANUN 1 AR AealdisTu . 9.23x10" 2015

A909N1sHARUNTIALA 6001000 AnsazfasldLsTu

= 9.23 x 10™*x 600 x 1000 ans

= 553.8 ans
LAUTEANSATNVDUSTUNUTZU 50 D9 70%LNIUY AIUUUSUIASLSTUN LTI -
233.8 922.67 ARNT MAHASAWAT
0-6 TEANM
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