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1. Training course Yokohama Training Program 2001 in Japan
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1. ANNYY (Turbidity)
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3. A1A1uL U9 (Alkalinity)
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4. aavlsa (Chloride)
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7. Ysunauans9un38g(Organic Compound)

5. AU i (Conductivity)
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8. AUNITIUSLLANLLUANLS Y (Bacteria)
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9. d1%318(Algae)
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2. W9nN1ld (Manganese)
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3. A2UNSEA19 (Hardness)
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17'llm : 910 PowerPoint Water Treatment.ChE480/580 Engineering Risk Assessment. Professor Margrit Von Braun 11
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Causes of Aftachment inside of Pipes
(Transmission Pipes, Sapporo city in 1989)




ANHUISULNEIYDI Mn uay Fe

IUREIN | SAYI MSLNAG

Mn NAUAII | WIman (MnO

Fe(OH)3
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N wmssuluhnu
UsenA | Mn MCL | Fe MCL | Agency
(mg/L) (mg/L)
Thailand 0.05 0.3 TIS
Japan 0.05 0.3 MHW
USA 0.05 0.3 USEPA
UN 0.4 0.3 WHO

MCL : Maximum Contaminant Level

MCL G . Maximum.Contaminant.L.evel.Gos

MHW = Ministry of Health, Labour anc

TIS = d11Un9UNINTFIUNAANUNDAGIAT
. %

e




NY9993ANIBUNIELan U 2549

YN AAANIN/ANS
Mn 0.4
Fe 0.3
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MUUNEVDI Mn 1ag Fe

a a < a
YUASIH | YInaumnutluny FULuy

Mn 28 mg/L GOREi

IGRHIORRERN

Fe 40 mg/Kg ANLADA

| 8. Metropolitan Waterworks Authority



WA LTAYDITN LRAN kAL WUNTE

Waonlan : Mn~0.1% ,Fe~59%

351N NU1INLNINTUE
» Manganite : MnO(OH)

>Housmannite : Mn304
>Pyrolusite : MnO,,
» Alabandite : MnS

» Rhodochrosite : MnCO,

€5

35INTNNINLUAN
> Hematite : Fe O,

> Magnetite : Fe, O,
> Pyrite : FeS,

> Siderite : FeCO,

Metropolitan Waterworks Authority
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FeCO; (S) == ;" + CO,2
Fe(OH), (S) <= rc"" + 20H-
Fe2+ + OH- <==FcOH"

Fe2*+ 30H" == Fc(OH).

20



sUnuuvaienidalusUasaieun

MNCO, (S) <= Mn** + CO.

Mn(OH), (S) == Mn** + 20H-

Mn2+ + OH- <= MnOH"

Mn2*+ 30H- <= Mn(OH).’
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Precipitation

:gﬁzégguﬁ:ﬁﬁﬁﬁhfyﬁbﬁf;ﬂhﬁEu;wyf,,ﬁ@aEﬁﬁﬁweuppﬁzymqueaw
| _ | C02+H20—>H2CO3 | l e

Iron and Manganese - MnCO,; + H2C03—> Mn(HCO3)2
Minerals  FeCOy + H,CO; — Fe(HCO;),

Iﬂ&”&Wﬂuﬂ i | &"N1ﬂu1

MnCO, : manganous carbonate Mn(HCO,), : manganous bicarbonate

FeCO,: ferrous carbonate IEe(HCOS)2 - ferrous bicarbonate



[Uﬁn%mwmﬂﬁ%m Fe kag Mn Tuin ]

Oxidation
2
Mn** — MnO,

Y Reduction , y
(azanei) (liazanein)
Manganese ion Manganese Dioxide

Oxidation
2
Fe -— Fe(OH),

? Reduction | %
GEGREPR) (ldazanaun)
Ferrous ion Ferric Hydroxide

| 6 Metropolitan Waterworks Authority:
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LRGN Mn Fe
dnunna Mn<* Fe?t
d4529159U9 Mn%t MnQO, Fet Fe(OH)3
eoYe MnO, Fe(OH),
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[Uﬁn%ml,ﬂﬁn'mﬂﬁﬂugﬂmm Mn waz Fe Iuaszﬁm?iaﬁa}

dn1ndaangtau (Aerobic)
Fe(OH),
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A5N15ANYAANLAZLUININEDaNINUN

> U@n‘%mmuﬁuaan%wu + Liquid / Solid Separation
» nsnsaslaeldansnsas(Contact Oxidation)

> A15U5uAT pH + Liquid / Solid Separation

> wanidsulszy (Resin)

> 1duuafitsy Iron Bacteria (Clonothrix , Leptothrix)

\77

laansiannnznaunan (polyphosphate)

> 16?1’L%ﬂ1u1a§%’ugﬂ (Membrane Separation)

27
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nsgan1sNandauluansUsznau

[wé’nﬁugw}

Mn?* + Oxidant = MnO,

Fe?* + Oxidant =—> Fe(OH),

Metropolitan Waterworks Authority




UAnse1 Oxidation Y89 Mn waz Fe

» Oxidation by O,

» Oxidation by CL,

> Oxidation by ClO,  pamasad
» Oxidation by KMnO,

» Oxidation by O,

Metropolitan Waterworks Authority




Oxidation by O,

2Mn**+ O +2HO — 2MnO, +4H*

4 Fe** + O +10H,O —> 4 Fe(OH), + 8 H*

WanNaEINUgIY  Mn®*: O, =1:0.29 mg/l

Fe* : 0, =1:0.14 mg/l

2

Rate of Reaction : d[Mn*?}/dt = k.[IMn*?].Po,, .[OH] ?

Efiective pH for Mn is 9-9.5

Metropolitan Waterworks Authority:



A29819N15ATUIUAINUADINISDINIARINSU Fe 1ag Mn

landnuuauiuinialiansinisiva 20 gnuanuns/42lue Kants

a ¢ % 1 = < = I a a o a =
?Lﬂ'ﬁ’]%‘lﬁuﬂﬂi’ma’ﬂ umama}a‘duag 10 UaaNIU/ANITLASLLUINIUE

AAANTU/ANT IAUIUAIUABINITAINAGAUIANLUAT/FILNS) ?

Sfep 1 auruanudanisaandiau
IMNNYY]  Mn>:0, = 1:0.29

Fe** : 0, =1:0.14

1.1 druenadisnsinisiua 20 anuradwes/galas Imanidaduad 10 Aaanu/ans

AITUTINNVVBIMAN(iron loading) = 20(m*/ hr)x10(g/m?)

_ 200 g/hr
NN EYAUGDINITENTLUIUNNTANTAWAN Fe? : O, = 1:0.14



NU1YDY Fe2* 1 n%’mﬁmméimmsaan%wu(oz) = 0.14 A5

ﬁ]’mmiz‘U'i‘s‘lqu Fe?* 200 nJuiinynudasnisaandiau(0,) = 200x0.14 ns

S AUABINTTRBNTRU(0,) Tun1sAtdnman = 28 NSy

1.2 dU1aalidnsinisivia 20 gnunAniuns/galus dueniilaleduey 2 Tadniu/ans

AFEUTTVNTVBILUINILE(mManganese loading)

20(m*/ hr)x2(g/ m)
= 40 g/hr
NN BYAMNABINTBNTRUIUNTAIAAKUINITEE Mn? 1 0, = 1:0.29

=2 24 v A v a Y
wUBNY Mn?* 1 nfulinudein1seendiau(0,) = 0.29 n3u

mnmszmﬁqnsﬁ Mn? 40 nulindnudaeniseandiau(0,) = 40x0.29 ns

mmﬁaqmiaan%mu(oz) Tun1sn1aauuenida = 11.6 NSy
28+116 ¢
_ 39.6 NS4

A1 Safety factor (1.2-2) 1@an 2 .". A7UABINITBNTAU(O,) = 39.6x2 = 79.2 N3Y



Sfep 2  durnanudainiseinia

MNRINANAYDNTLAU(O,) B = 21 %

aaiuANdRenIseIne = (2200 oon ) g/hr

21
mnﬂszﬁm’%mwiumﬁdwmmmmﬁi’héﬁﬂ = 0.05 %

setuaudasnnsonaiiuiiass = S X0 754,280 g/hr

0.05

NAMNUVUIUUBINIA = 1,203 NTU/GNUIANLUAT

SatuUS NN ATIEBINTS 754,280 _ 627 m’/hr

1,203

¢ Y}
627 AnNUIANLUAT/BLUY
U

Uszansniwlunisnidnwmanuazuusnilalaeldosndaudasusuan
pH Tilduang azvinliuszanSawaau



Treatment Processes for Mn and Fe Removal

by O,(from air) Oxidation

Interference : > 50 mg/l Silicic acid (soluble silica)

NOLAUDINIA  n1sadrenznau (flash mixing)/A13dN1UnNENaU (slow mixing)
V(o) T —

74
. e e 2 o
° Asginaalsa
e o N1 NN NDU 1191394
[ ] e O . o
e o o o (Chlorination)

Alkal I _

34



Electrical Control Box

Logic control
|

866 TRAY AERATOR
666 TN
CCNC) ([ \j

T

BAFFLE TANK

v

Detention Time: 1 - 3 min

R SRR

Static Mixer

|
Logic control

e

Logic control

Logic control

Qty.: 1
| Capacity :  m3¥/Hr/unit
| J= m
| HEIGHT = m.
! WEIGHT + WATER = TONS
AUTOMATIC SLUDGE DRAIN
! Material : Mild Steel wi

SOLID CONTACT CLARIFIER TANK (SLUDGE RECERCULATION)

Sand Blast SA2.5 and epoxy lining

Logic control

L

+———

Logic control

—
g O D <D
X ‘ | ‘
= [ | \
(9] ! }
=1 |
= _ . | TO UTILITY-
& g | |
r d | !
— : |
1 | |
Booster pump | }
Qty: |
Capacity :  cumf/hr.x mH | !
2-service | !
1-stand by | :
|
|
L
/
© I
= I
o I
7]
o |
I
I
i
|
// /// Na,CO3 Feeder KMnO,4 Feeder Alx(SO4)3 Feeder
! Qty.: 1 Qty.: 1 Q. 1
‘ Capacity : I/hr Capacity : I/hr Capacity : Ihhr
‘ : TDH.  bar
| TDH.: bar TDH.: bar -
- PE-Tank Its
I PE-Tank  Its PE-Tank Its
/
L SUBMERSIBLECENTRIFUGAL WATER PUMP
Qty.: 1 Unit
Capacity:  m3/hr
—  TDH. m.

Logic control

Logic control

SAND FILTER
Qty.:
Capacity : ~ m®/Hr/unit

Material : Mild Steel with Sand

Blast SA2.5 and epoxy lining
Dimension : Dia. X hx4.5t

Media : SAND

Manual Backwash
WEIGHT + MEDIA + Water = TONS
EMPTY WEIGHT =

TONS

—————— R
o ‘
s | |
— y 4 Boostér pump !
Qty: |
Capacity :  cum./hr. x ImH
2-service |
1-stan§ by |
I | N
I ({\ N
| I \
| |
| : ;
|
| | —
| | —
! ! Air Blower
O/ O) Qty: 1
Capacity :  Cu.m/min
~ Discharge Pressure mmAq
°
Qty.: 1/unit
Capacity : m3/unit
DATE :
DRAWING TITLE : SUBMITTED :
DATE :
PROJECT : CHECK:
. . DATE :
SCALE : Engineer :
DRAWING NO. Drawing : DATE :




0.60

a1nagiiiieaniun 4.5 3. 1EFAUR - D3/8" @ 0.05 WA,

fnRnnulasssuna AaeFianauin 1/8"x1/2" @ 0.10 H.

nnnnnnnnnnn Tassfunnagiiiianann 2'x2" wun 378"

aunnagiiiien wu 178"

{ :
020 | 74

fnRanulasesuonn Aaediamauin 1/8"x1/2" @ 0.10 3.

/ awnin O §u 1121 1/2"

WANRIN 1 1/2'x1 172" U 4 13 wneduna

2.38

3 a 5
LARNDIN 1 1/2"x1 1/2" U1 4 JA. Lﬁfeumammu'lu

f—

= 5 o
ARNAIN 1 1/2'x1 1/2" KU 4 NN, ANTUDA

Tray aerator Han31A152vafA1dn3(hydraulic
— loading rate) 3%#719 24-48 m>/hr.m?
LULUENE R TLTLART

WHULWANIL 4 3.

0.20

Snfaennaene 3/8" 5

5
1G]

ENNVENE  3/8"

WATER TREATMENT PROCESS

o4 Tray Aerator For Water Treatment Plant 20 m3/hr
BUUARNEINTTEAFINLRTLTLFIR T ' 1:5

TRACED SCALE

DRAW

CHECKED

ENGINEER

APPR




[Oxidation by ]

Mn**+  +2HO — MnO,+ 2 Cl + 4 H'

2Fe”*+  + 6H,0 — 2Fe(OH), +2 CU + 6 H'

74

WUFIU  Mn® :CL =1:1.29 mg/l

=

Nannee
Fe** : Cl, =1:0.64 mg/l

Reaction Time for Mn >10hr. at pH 7(very slow)

_ 8 Metropolitan Waterworks Authority



Oxidation by ClO))

MnZt+ 2ClO, + 2H,0— MnO, +2 O +2 CU + 4 H*

FeZty Clo,+5H,0 — Fe(OH),+2 O+ CU + 7 H*

2

NANNQUHNUFIY Mn** : ClO, = 1:2.50 mg/l

Fe’* : ClO, =1:1.21 mg/l

38

| 8 Metropolitan Waterworks Authority



Oxidation BYA <Y01e)

3Mn**+ + 2H,0 =5 MnO,+ 2 K" + 4 H*

[Cata lytic Reaction}

Mn2++MnO +HO — Mn,O,+ 2 H*

(Manganese III oxide)

39

o . Metropolitan Waterworks Authority



Oxidation KMnO ,

3Fe” + + TH,0 — 3Fe(OH), + MnO,

Catalytic Reaction

2Fe®* + + 5H,0 —»2Fe(OH), + Mn,O,+ 4H

v

NANNQEUHNUFIY Mn* : KMnO, = 1:1.92 mg/l

Fe** : KMnO, = 1:0.94 mg/l

| 8. ' Metropolitan Waterworks Authority



Treatment Processes for Mn and Fe Removal

by Oxidant

msa%qm“nau (flash mixing)/n13au1UNZNdU (slow mixing)

U1AU
j Alum

CLO n152111 Y8 1sA
M O ° N1SANHZNIU N15N599
a (Chlorination)
I ||||||||| ]
—_— :

N A

ﬁ. ; Metropolitan Waterworks Adthority



Electrical Control Box

RECTANGULAR PULSATOR CLARIFIER TANK

MANGANESE GREENSAND FILTER
Qty.: 1

Capacity : 100 m/Hr/unit

ACTIVATED CARBON FILTER
Qat

i1
Capacity : 100 m¥Hr/unit

Qy:1 Dimension : Dia. 2.5 X 2.2 m. hxd 5t Dimension : Dia. 2.5 X 2.2 m. hx4.5t
Capacity : 100 m?3/Hr/unit T T T | Material : Mild Steel with Sand Blast SA2.5 and epoxy lining Material : Mild Steel with Sand Blast SA2.5 and epoxy lining
® 0 0 Dimention =W2.8 xL12 xH3.5 m.x4.5t 1 : ! | ! Media : MANGANESE GREENSAND 6000 Liters/unit Media : GRANULAR ACTIVATED CARBON 6000 Liters/unit
WEIGHT + WATER = 140 TONS i | : N : Manual Backwash Manual Backwash
o0 N8 EMPTY WEIGHT = 19 TONS I Mixing Moto Water supply ot + iter = TONS oy raer TONS
AUTOMATIC SLUDGE DRAIN | | | @ |
® 8 0 Material : Mild Steel with Sand Blast SA2.5 and epoxy lining | L T,
77777777777777777777777777777777 - |
| I ] | }
”””””” b = FIowMeter I
ity | |
= Capacity : 200 |/1‘1r‘ |
| |
O AL |
|
| | Brine Pump ! i
| . |
Capacity : 400 I/hr Brine tank |
| Capacity : 2000 Liters/unit
| |
M |
. H L | ==
o |
N
|
| |
| I S Flow Meter
| : | Capacity : 50 m3hr
} Air Biower : |
I Qty: 1 I | RESIN FILTER
— | Capacity:  Cu.m/min | Q. 1. o <
[ Discharge Pressure | mmAq [ Capacity : 50 m/Hrunit
| | | Dimension : Dia. 2.5 X 2.2 m. hx4 5t X
| (OWNER) | Material : Mild Steel with Sand Blast SA2.5 and epoxy lining
| F‘EED WA_TER PUMP | Media : STRONG CATION RESIN( Na Form) 6000 Liters/unit 5
| Qty.: 3 Unit ) | Manual Backwash o
| Capacity : 50 m¥/hr/unit WEIGHT + MEDIA + Water = TONS 1
| _?Sr;'tl_fuggl pnlrllmp @ EMPTY WEIGHT=  TONS %
| Rin:2 T Rypg &
| S“zlanby 1 ! g
8 <| I). | (OWNER) 5
s ! %
[ 4
o
= 2 z
} z
g 7 d d‘ !;‘ PR i =
| — < | }
1 1 | | ]
L — :
| | ‘| -
A5 Lo : o o g
| | :
‘ ‘ ) e g TO UTILITY
) I I |
\\ | | 4 — " = —
| |
?_ | BAFFLE WATER TANK gl{yEA;LYx;?TER PUMP
| ___________ Qty:tunit | e iy -
\ BAFFLE TANK | Capacity : 100 m¥unit | I | Capacity : 100 m?/unit
Detention Time: 1 - 3 mi | | Centifugal pump
\ etention Time: 1 -3 min \ (OWNER) | | TDH.: 35 m.
| | | Run : 1
1 | | | | Stanby : 1
' | | i, d d =1 __(OWNER)
> I I : v
| | A
1 X. | | o
| E B |
g | I ! | | o[
=1 — e o | | N ! | ]
9 | ! e - | — T .
a | ! ! - ‘ ‘ .
1 | | ! ] o o g
2 / I I ! 3 4
. s 3 » 5 po t B é ;
= ! — — — — — — — L,
i | S T A A S S I,
o | CLEAR WATER TANK
1 | Qty.: 1/unit
[ Capacity : 100 m3/unit
77 oo beuvus } (OWNER)
Na;COsFeeder ~ KMnO, Feeder  Ca(OCl); Feeder  Al(SO.); Feeder Chiorine Feeder S SUBMITTED : DATE :
Qty.: 1 Qty.: 1 Qty.: 1 Qty.: 1 Qty.: 1 N
Capacity : 120 I/hr Capacity : 120 I/hr  Capacity : 11.4 I/hr Capacity : 120 I/hr Capacity : 1.5 I/hr
TDH: 4 bar TDH: 4 bar TDH: 4 bar TDH: 4 bar TDH: 4  bar Engineer : DATE :
. . R iy > . MODIFIED WATER TREATMENT PLANT
it PE-Tank:2000 Hts PE-Tank:2000 lts PE-Tank: 1000 Its PE-Tank:2000 Its PE-Tank: 500 Its - cournrean PROJECT:  piaSE 2 VIET CUONG (VCC) VIETNAM
J FEED WATER PUMP (OWNER) h . Engi DATE
Qty.: 2 Unit Air Compressor For Chemical Preparation Tank ngineer : N
— ALE :
Capacity : 50 m3hr/unit (OWNER) sc DRAWING NO.
TDH.: m. DATE -
(by owner) Drawing : :




nmsnagaulaeldinen DPD #l¥SannAn Free
Residual Chlorine iatuduiiasduluniswian
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| 8 Metropolitan Waterworks Authority
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0.0 2.0 2.5 3.0 3.5 4.0

olg 811 | 795 | 790 | 7.83 | 7.77 | 71.72

Initial Mn 1.0 1.0 1.0 1.0 1.0 1.0

Final Mn 0.51 051 | 056 | 0.52 | 0.53 | 0.54
% Removal 0

48




00 | 09 | 11| 13 | 15 | 1.7

pH 7.15 | 7.00 | 6.95 | 6.94 | 6.87 | 6.79

Initial Mn 1.0 1.0 | 1.0 | 1.0 | 1.0 | 1.0

Final Mn 0.79 | 0.40 | 0.31 | 0.19 | 0.10 | 0.05
% Removal 0

49




KMnO, 00 | 0.8 | 10| 12 | 14 | 16
pH 7.17 | 717 | 7.17 | 7.18 | 7.20 | 7.22
Initial Mn 0.63 | 0.63 | 0.63 | 0.63 | 0.63 | 0.63
Final Mn 0.61 | 0.08 | 0.00 | 0.00 | 0.00 | 0.00

% Removal 0
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! ' msUs=UuAsnaIv

iﬂ'ﬁ'h METRGPOLITAN WATERWORRS ALTHORITY

Jar Test AMNUNUANIAANLAZLUINTE

Mn* 1mg/|l = 192 mg/I KMnO,
Fe® 1mg/l = ©.94 mg/I KMnO,

- 4




YUHDUNISNT Jar Test

1. NAAdIUIAUEILATIZA

- F9AT1TAUS U URANKAZHUINTEVUNIIINITNARDS
- laidsunazusuan pH Tihaudaasizilulaarussuna 7.5

- g5ty lgnaasg Laan A19NUNY

2. NHABIUIAUISY
- U$uAn pH T3inaulslgauszanm 7.5

_ @15t AANUINN IENAaDd Laan A19NuUNY



YUNBUNISNT Jar Test
1. NAADIUIRUFILATIZH

UNAUAIATIZH
1 AnmgidFnauman uusnnils pH Alkalinity
USunazliusum pH Y1fudwasIzit
YA VAN

USUAIMULSITOU Jar 1Fest 100 rpm 1/| 1 minute

1 ﬁ]ﬂﬂﬁ’]’iﬁ‘i’]\‘m“ﬂ’é}u L"U‘L! ﬁ’l‘iﬁil ‘Vi’i’é] PACL
U5UAUL5250U Jar Test 100 rpm 1 1 minute

U5UAIUL5750U Jar Test 50 rpm #i 5 minute

5 minute

CD
Slz-

<
UAAIULIAIAU Jar Test 2

|

U5UAIUL5250U Jar Test O rpm #1 5 minute

S

rom
r~

a ¢ % I (-4 < = o e
%Lﬂiﬂzwﬂimmwma’aﬂﬂ WIFULRBT LUan UIN1Ud pH Alkalinity



YUNBUNISNT Jar Test
2. NAADIUIAUSY

UIAUDTY
1 _ Awswvivsunauvan wuenia pH Alkalinity
Usumn pH Y1aU39
ﬁ]qﬁlﬂ']ﬂVI‘U‘VI&I

USUAIMULSITOU Jar 1Fest 100 rpm 1/| 1 minute

1 ﬁ]ﬂﬂﬁ’]’iﬁ‘i’]\‘m“ﬂ’é}u L"U‘L! ﬁ’l‘iﬁil ‘Vi’i’é] PACL
U5UAUL5250U Jar Test 100 rpm 1 1 minute

U5UAIUL5750U Jar Test 50 rpm #i 5 minute

5 minute

CD
Slz-

<
UAAIULIAIAU Jar Test 2

|

U5UAIUL5250U Jar Test O rpm #1 5 minute

S

rom
r~

a ¢ % I (-4 < = o e
%Lﬂiﬂzwﬂimmwma’aﬂﬂ WIFULRBT LUan UIN1Ud pH Alkalinity
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&?ﬁ:ﬁ,ﬁ METROPELITAN WA FERWENIRS ALPHINITTY
e

N1SNAADIUNAUFILASIZH

daas1giusunanmnan = 20 me/l
F9LAS1EHUSUIULLININE = 6 me/l
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Raw Water Quality :

pH = 6.7 (ldU5um pH)

Alkalinity = 52 mg/| as CaCO,

KMnO, 0.0

Alum 20 20 20 20 20 | 20
Initial Mn2* (mg/l) 6 6 6 6 6 6
Initial Fe2* (mg/l) 20 20 20 20 20 20
Final Mn?* (mg/l) - >3 | 2.73 | 0.23 | 0.02
Final Fe’* (mg/l) - 0.26 | 0.07 | 0.05 | 0.03
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WAN151AAB9N13N Fe®*,Mn* lagly KMnO,

Raw Water Quality : pH = 7.5 (U5ua1 pH)
Alkalinity = 52 mg/| as CaCO,

KMnO,

Alum 30 30
Initial Mn2* (mg/l) 6 6
Initial Fe2* (mg/l) 20 20
Final Mn?* (mg/l) 0.00

Final Fe?* (mg/l) 0.00
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P\ msuUs=vhuasnaig
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LT R)  METROPOLITAN WATERWENIRS ALTHENITY

N1SNAADIUIAUSY

JSuaumian = 43 mg/l
Usuauuaaniile = 2.12 me/l

- 4



N1SLAUA9819UNAULINDILASIZAANLLAZLUSN T E
INW1R88191AENTA H,SO, Snw pH Tvsnndn 2

i ﬂ

vf

R

WSyUgUA2819 LN AUBRALA LM ULALAULAENITS NEI

Adag19nEnsa H SO, wazhildnsa H,SO,



Jar Test RESULT NO.1

Raw Water Quality : pH = 6.08 U3u pH l4la 7.5 lagly Na,CO,

Alkalinity = 68 mg/| as CaCO,

KMnO, 0.0 5 10 15 20 25
20

Initial Mn2+ (mg/l) 2.12 | 212 | 212 | 212 | 2.12 | 2.12

Initial Fe%* (mg/l) 43 43 43 43 43 43
: 2 over |over |over | over

Final Mn<* (mg/l) 1.94 0.13 dose |dose |dose | dose
' - over |over |over | over

Final Fe==(mgi) O u\mse dose |dose | dose

% Mn2* Removal : 90.2 \ |

% Fe 2* Removal . 100 AL A

pH Final 7.47 | 7.45 | 7.43

MUY . T aneiufintiindu 0.36 me/l (31NA5AIUIAL Dose AI5IUU 5+40.36 = 5.36 mg/l)

Mn* 1mg/l = 1.92 mg/l KMnO,




ANNNISNAADIN 1

1000 mL | PYREX® 300 —

No. 1000

700 — |
800 — '

900 —

: ,I 1S ;

RYREXP 300 Iy 400 —

N y P ] =

. E 'sooj

L 2 | = Soco 600 —
l.

WUnauase(laildnsa)usu WUnnauase(ldnse)usu pH
pH lagly Na,CO, Lia lngly Na,CO, Liannaas

ANUIUNIATESLAN DS Jar Test



ATINNIINAAIN 1 429 Flash Mix 100 rpm 1281 1 min

1. i KMnO, fiay #1 Flash Mix 100 rpm 1 min
2. 1By Alum 989 91 Flash Mix 100 rpm 1 min




ATINN1INAABIN 1 ¥29 Slow Mix 50 tLaz 20 rpm L2815 min

.L‘::,.T- TGDD rnL « .,.
~ PYREX® 300-

Ne-tooo 600 —
700 — ' =

_—

800 —

900, — i




ATINN13NAABIN 1 929 Slow Mix 50 tag 20 rpm 1281 5 min

100C mL
PYREX®

=

Ma. 1000

200 — 890

300 — 700 =

400 :——- &00
500 __—___-— 500

600 — 400

700 — 300

goo — 2%°

100

Q00 —
L}

{

200 —
1000 mL =
PY REX G005,

Ne. 1000
800 —

900 —

= @ 400 —*“
I y 500 —
600 ==

—

200 —

1000 mL =
PYREX® 300 —

No. 1000

400 =
500 —
600 —
700 :
800 —
Qo0 —




ATWNINARBIN 1 Y29 Setting 5 min

Dose (mg/l)
KMnO, Dose (mg/L) 0.0

Dose (mg/l) 20
KMnO, Dose (mg/L) 15



Jar Test RESULT NO.2

Raw Water Quality :

pH = 6.08 U5u pH Tila 7.5 laely Na,CO,
Alkalinity = 68 mg/l as CaCQO,

KMnO, 0.0 6 8
30
Initial Mn?* (mg/l) 212 | 212 | 2.12
Initial Fe%* (mg/l) 43 43 43
. .5 |over 8 e
2+ - AMNANNUNU KMn
Final Mn4* (mg/l) 1.94 — Yoo (KMnO,)
over M.W Kl\/nO4 = 157.996
Final Fe?* (mg/l) 0.1 | 0.00 dose | MW Mn =54.938
AN e . over
% Mn?%* Removal :
dose
% Fe 2* Removal : 100
pH Final 7.5 745 | 7.43

yiungg : Meneiufisfiu 1.43 me/l Fafinanaeiufin(KMNO,) (31nnnsA1uIn Dose AU 6-1.43 = 4.53 mg/V)




AINNTISNARDGT 2 B9 Flash Mix 100 rpm 1 min

1. 1Hin KMnO, fiay # Flash Mix 100 rpm 1 min
2. 1% Alum %84 71 Flash Mix 100 rpm 1 min

-

He, 1000



mwmsmwam‘ﬁ 2 %7249 Slow Mix 50 tLag 20 rpm 5 min

= i |
e S, :
T -
o = i
Eres™"

mL0 — 00
ss% — &
100 — %

200 — ¥
Im |'|'||_ . '

A

400 — &

s00 — =
Me. 1000 ﬁm’:’_—‘ﬂ !

- ol

-—""‘Pl L
800 —  §
Q00 —




ATNNINARBIN 2 Y29 Setting 5 min

Dose (mg/l) 30 30 30

KMnO, Dose (mg/L) 0.0 —6 8



ATNNIINAABIN 2 129 Setting 5 min

Dose (mg/l) 30 30 30

KMnO, Dose (mg/L) 0.0 «— b 8
d3UN1INnaas

1. A9 UEISFUAMULTUYUSZIANG 20 D9 30 HAANSU/ANS
2. A9 I YANNUNUANNLTUTUSLINENG 4.53 04 5.36 Haansu/ans



Oxidation 8

Mn**+ O +HO — MnO, + O, + 2H*

2Fe”*+ O+ 5H,0 —> 2Fe(OH), +2 0O, + 4 H'

¥

NANNYEOWUFIL  Mn**: O, = 1:0.87 mg/l

Fe?* O, =1:0.43 mg/l

o I Metropolitan Waterworks Authority



rocesses for Mn and Fe Removal by O, Oxidation

O3 Contact Chamber

‘ N15851902nau (flash mix)/n15aurunznau (slow mix)
1A

000 Alum

O 0O ° o

ooo n1521Ly91sA
q 000 N1SHNAZN N15N599 L
i HoNeNe © ou (Chlorination)
5 I _ ]

#

Metropolitan Waterworks Authority




Sampling Port

Electrical Control Box

® 80
® 80

Static Mixer
P

Logic control

SOLID CONTACT CLARIFIER TANK (SLUDGE RECERCULATION)

Qty.: 1

Capacity :50 m3Hr/unit
J=6.5m.

HEIGHT =4.75m.

WEIGHT + WATER = TONS
AUTOMATIC SLUDGE DRAIN

Material : Mild Steel with Sand Blast SA2.5 and epoxy lining

SOLID CONTACT CLARIFIER

~>-

Logic control

|
!
|
!
!
!
!
!
!
!
!
!
|
ity
!
)

Logic control Logic control

0 S

@/

S S S\ N

SAND FILTER

Qty.: 1

Capacity :75 m3/Hr/unit
Material : Mild Steel with Sand Blast SA2.5 a
Dimension : Dia.3000x1500hx4.5t

Manual Backwash

WEIGHT + MEDIA =25 TONS

CLEAR WATER TANK
Qty.: 1/unit
Capacity : 100 m%/unit

I
|
I
|
I
I
I
|
I
|
|
I
|
I
I
|
I
I
|
I
I
|
"
|
|
I
I
|
I
I
|

Flow Meter

Booster p

.||<]

p
apacity :50 qu.m./hr. x15mH

eorlgfie] L |,

SLUDGE STORAGE FEEDER

Qty: 1
PE-Tank 2000 Its

Na,CO3 Feeder
Qty: 1
Capacity : 10-15 I/hr  Capacity : 10-15 I/hr
TDH.: 5.5 bar TDH.: 5.5 bar
PE-Tank 2000 Its PE-Tank 2000 Its

Al,(SOx); Feeder
Qty: 1

Flow Diagram

epoxy lining

QOzone generator

o |
E%Eooster pump
apacity :50 cu.m./hr. x3pmH
______ L — — OWNER)
r | ( )
I \
I
I
l Air Blower Chlorine Feeder
Qty: 1 Qty: 1
Capacity :6 Cu.m/min Capacity : 10-15 I/hr
Discharge Pressure 5500 mmAq TDH.: 5.5 bar
PE-Tank 2000 Its
SUBMITTED : DATE :
DRAWING TITLE :
CHECK : DATE :
PROJECT :
Engineer : DATE :
SCALE :
DRAWING NO. Drawing : DATE




ANTNATUNISAIDAABNLAZHUINIUE

guAaIsAdl | USunaansiadl (un.) §11sunian 1 an.
Fe Mn
0, 0.14 0.29
0.64 1.29
ClO, 1.21 2.50
KMnO, 0.94 1.92
0, 0.43 0.87
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n1sAIAANLazLuININE Lagldansnsas
(Contact Oxidation)

NanWugIu
Pass Through

Mn , Fe Water - Mn , Fe Sand - Mn , Fe Free Water

Mechanism :

79



qmﬁﬂﬂmzmm Mn ugs Fe Sand

Mn - Sand (greensand) Fe - Sand

l‘v‘mO2 coating material FeooH coating materi
(goethite)

80



N156519 Mn-Sand

1. #319lnUnNIeLAY
1. Add MnCl, & Mix
2. Add KMnQO, =  Mix & Leave 24 Hr.

3. Wash with water

2. #3191A8N15 regenerate CL, lunsgulun1suaninyssun

Condition : Continuous Chlorination

Raw Water containing Mn*?

( 0.05 mg/L Mn*?in Raw Water Mn-Sand develop in 3 months)



N198579 Mn-Sand [nauUfn3emuiai]

ﬁ’mqﬁuﬂﬁtﬂu Media
1. Zeolite ( Glauconite)

(K,N,Ca),. . (Fe*®, Al, Fe*? ,Mg), ( Si,Al),0., (OH),.nH,0

0.5-1

2. Graded Sand

Slllca(Slo )

e e




N158319 Mn-Sand lagufiniennawnil

¢ Add 150 L 3% MnCl, Mix well
1 1

¢ Add 75L 3% KMnO, Mix well
\

Leave 24 hr. and Wash Well
v

A Mn- Sand Develop

83

!
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INIJIAKINaJE0I0U GRADED SAND

‘ + 3 MnCl, + 2KMnO, + 2H,0

l

MnO n02
@ .+ AHCL +2KC

MnO
MnO, e’

(5MnO,)

I Metropolitan Waterworks Authority



MANGANESE GREENSAND

24 3§ 2008



_ﬁtﬂﬁtﬁa’ﬁ’aﬂitﬂu Zeolite (Glauconite)

Step 1. Ion Exchange :

2NaZ + MnS > ZE\/Inz"} + 2Na* + S§*

Manganese sulfide or

manganese sulfate(MnSO,)

Step 2. Activation :

Zﬁ\/ln%} + KMnO4 > ZEV[HOXJ

Greensand

| 8 R Metropolitan Waterworks Authority



561519 Green Sand é’qa"ﬁ’aq Zeolite (Glauconite)

+
Mn2

+ MnS > @ + 2Na™ + S*

Metropolitan Waterworks Authority



_ﬁLﬂﬁLﬁa"i’aﬂlLﬂu Zeolite (Glauconite)

Step 3. Deactivation :

F e2+ F e3+
N%_HZJ' + Z|MnO, > ZEV[IIZOJ + N(I)n4+ + H
5 24 5 5y  Add
As As

Step 4. Regeneration :

Zﬁ““zOJ + KMnO, . ZEV[“OJ

Greensand

| 8 | ; Metropolitan Waterworks Authority



24 8 2003



nalnnnifind§nTan Contact Oxidation (Mn)

+
+ZMnO, HO  — + 2H
MnO,.H,O /
Mn+2 m
@ ﬂ
Active
+ Z2.2MnO,,. 5HO0 = + 2Fe(OH),+ 2H*

\

90



ﬂﬂ“lﬂmi“f/‘\luyq\jﬁﬂ'w Mn-Sand NanaUTs8nsnw

Tnsndldnaosu

Z.MnO,.MnO + + 3H20 —> Z.2Mn0O,.H,O + 2HCL

MnOZ.HZO

Active 91

MnOz.MnO

/

Inactive

8. Metropolitan Waterworks Authority



Mn*? + MnO,.H,O + HO =— MnO,MnO + 2H"

MNO,MnO + |+ 3H,0 = 2MnO,.H,0 + 2HC

2.nscdlgaiununu

Z.2Mn0O,.MnO + KMnO ,+ HZO —> Z.5MnO, + KOH + H*

| 8 . Metropolitan Waterworks Authority



Treatment Processes for Mn Removal

by Contact Filtration

Y N19851902naU (flash mixing)/n15au1unznau (slow mixing)
UMY
PR y
N159LYa15A
® Contact Filtration o
o N1SANASNDU (Chlorination)
L]
q
93 93

A i Metropolitan Waterworks Authority



Formation of Manganese greensand by Residual Chlorine in Operation

24 3 2008



Sampling Port—pa—]|

Electrical Control Box
® 80
® 8 6

Logic control

Logic control

SOLID CONTACT CLARIFIER TANK (SLUDGE RECERCULATION) I

Qty.: 1

Capacity :50 m3/Hr/unit
J=65m.

HEIGHT =4.75 m.

WEIGHT + WATER = TONS

AUTOMATIC SLUDGE DRAIN
Material : Mild Steel with Sand Blast SA2.5 and epoxy lining

=
[

| ez H

N
= 1

Static Mixer
>

/|

Logic control

1
E%&ooster pump
apacity :50 cu.m./hr. x3p\

Flow Meter

Booster pyim

)
-1
|
|
|
|
C - — ———
I |
I |

.||<]

P
apacity :50 gu.m./hr. x15mH

ol

SLUDGE STORAGE FEEDER

Qty: 1
PE-Tank 2000 Its

Chlorine Feeder
Qty: 1

Capacity : 10-15 I/hr
TDH.: 5.5 bar
PE-Tank 2000 Its

PACI Feeder

Qty: 1

Capacity : 10-15 I/hr
TDH.: 5.5 bar
PE-Tank 2000 Its

R_L_ A _______»

Logic control

R

MANGANESE GREENSAND FILTER
Qty.: 1 I

Capacity :75 m3/Hr/unit

Material : Mild Steel with Sand Bldst SA2.5 3
Dimension : Dia.3000x1500hx4.5

Manual Backwash

WEIGHT + MEDIA = 25 TONS

¢

3
[-%

oxy lining

CLEAR WATER TANK '_ ______
Qty.: 1/unit l
Capacity : 100 m3/unit I \
(OWNER) I
I
Y .4
Air Blower Chlorine Feeder
Qty: 1 Qty: 1
Capacity :6 Cu.m/min Capacity : 10-15 l/hr
Discharge Pressure 5500 mmAq TDH.: 5.5 bar
PE-Tank 2000 Its
SUBMITTED : DATE :
DRAWING TITLE :
Qty: 1
Chlorine Feeder
Qty: 1 CHECK : DATE :
Capacity : 10-15 I/hr . .
TDH.: 5.5 bar PROJECT:
PE-Tank 2000 Its
Engineer : DATE :
SCALE : DRAWING NO.
Flow Diagram
Drawing : DATE :
rawing :
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7iNALRNTHY Contact Oxidation (Fe)

Fe*? + FeOOH  —> FeO(OFe)" + H*

FeO(OFe)*

Inactive

FeOOH

Active

Fe+2

o I Metropolitan Waterworks Authority



Wydnm Fe-Sand finuadssdndnw

FeO(OFe)*+20H +7/40, +H* —» 2fc00H+1/2H,0
(goethite)

FeOOH

Inactive Active

FeO(OFe)*

o I Metropolitan Waterworks Authority



Treatment Processes for Fe Removal

by Contact Filtration

N158319R2naU (flash mixing)/n1sauTunznay (slow mixing)

P

E_.

Alum

N3NN8

—

LAUDINA

N13%LIB LA
Contact F'ltrat'on(chtorination)

Metropolitan Waterworks Authority



snwdamuagisnisuily

Effective Size

and Uniformity

Wasuly

NUINVDINT18NTDY
NMruldlaeuin

UsuUge32uunIs
v v 1
a1989U L]
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Regular Sand

Manganese Sand

. Improvement of Sand Wash of Mn-sand
¢ (1) Strengthen Surface Wash Energy during sand wash
(2) Change Opening area of nozzle
: (3) Change Angle of nozzle :
. (4) Take long time to overlap washing (surface wash and back wash)

Before Improved

After Improved

Water Quantity to surface wash

0.20 (m3/m2/min)

0.20 (m3/m2/min)

Opening area of nozzle

271(mm2)

106(mm2)

Water angle of nozzle

74 degree

60 degree

Energy for surface wash

0:150(kgf m/m2/sec)

0.186(kgf m/m2/sec)

Overlap time (Surface & Back) | 2 min 4 min
Increase of sand diameter I 0.02 mm/year Sy /year
©.00%

R B |

Regular Sand is washed .
cleanly by regular
strength of sand wash :

i Mn is accumulated on the surface of Mn sand!
, Strong Sand Wash (especially overlap wash)
. Is necessary to maintain Mn Sand Filter.




[Alternate Manganese Dioxide Coated Media}

1. BIRM Media (Burgess Iron Removal Method)

v/

ROAUUsSENaUmIY
- Aluminum Silicate Sand (Al,0,.5i0,) - Media

- Manganous salts — MnCl, or MnSO,

- Potassium permanganate - KMnO,

2. Pyrolusite (pure manganese dioxide - MnQO,)

R




Ugn3gmuearil(BIRM)

+ 3 MnCl, + 2KMNnO,+ 2H,0

Aluminum Silicate Sand l

MnO,

MnO,
Mn02 + 4 HCl + 2 KCI

MnO,
MnO,

(5 MnO,)

R A
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8nnznsigeu BIRM

1. Aanutdusng (Alkalinity) FavunniiAuLiugy
YputaWm(Sulfate) unzAalsA (Chloride) 2 Wi

2. A1 pH ABUBLILNIN 6.8 - 9
3. ARYNNISINYDINIALRNIUSIUAIUNLT BIRM
WD AN AURERILLININATIAN LSS

& - Y2 & °
YDILUAN 15 % L HDANUINIUYDININISIILU
1NN 3 UARNNSU/[MS

e e S




8nnznsigeIu BIRM (5i2)

4. FM5IN7I5NSD9EIK BIRM 5297370 8 — 12 tms/32 1

5. ANNFIYDY BIRM 981318 75 - 90 (dURMmT

6. nuAsiFlalnsudalWa(H,S) WiaasBun3d
WINNII 4 GaRNSU/ENS iz dmsunisls BIRM

7. sndulsimstim indnaswe(polyphosphates) tW512ag
TuwrRau BIRM vihlviusednsniwanas

e e
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Pyrolusite
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ueStions ?




