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PRELIMINARY TREATMENT FLOW
Module 1 MEASUREMENT
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Figure 1. Typical Arrangement of Water Treatment Process
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4 000 years
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" téd to heat foul water by boiling and Exposing
-and by dipping seven times into a piece of hot

en to filter and cool in an earthen vessel

( M.N. Baker, The Quest for Pure Water , vol. | 2d ed., McGraw-Hill and American

Water Works Association, New York, 1981)
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* Surface Water Treatment Rule USEPA
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Unit

TIS. 257 1-2521 WHO) 1996
Stands fc'—’ ate Count| C.F.U./mL. - 500 =
R etario MPN / 100mL. = Uik
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MnCl, + Cl, + 2H,0

= ) Sir Humphry Davy iszaidinAneiuas Scheele
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Glass Technology
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-~ Process Membrane Cell
.

Oxy Tech Technology
3. Thai Organic

Process Membrane Cell
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. ’;qumd to Gas Volume increase 460 Times

=

— 25 times to air in weight

dry chlorine not corrosive

slightly dissolves in water
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L+ H,0 —> ~HOCI + HCI

HY + ocl”

]2 HOCI OCI ~ 3an71 Free Residual Chlorine
'}{u A TuLilel

R

—
» % 3
v =
=
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H; + HOCI ——> NH,CI + H,0 Monochloramine

=

i

~ NH,Cl + HOCI —> NHCI, + H,0 Dichloramine

NHCI, + HOC| [l NCl; + H,0 Trichloramine

Mono Di Tri Chroramine 5an31 Combined Res Chlorine




Effect of NH;-N on Cl, effectiveness(NH;-N content of water 1 mg /L)

Mole 'rotio, Cla: NH,-N

0.5 1.0 1.5
O T |
9t | - Dichlo
e ' o
8l |
- NHCI
- Monochloramine 2 A
& Th : u
— |
S
g ef NH,CI .
g =
s St -
% |
s °f .
24 [ |
& 3fF =
L BreaW point

Free chloriﬁe
tesiduol
predominant .

. Combined chliorine
residuais in predomingnce

N | A A L A L 8 L . . 1 i

t 2 3 a S 6 7 8 9 10 "
Chiorine dosage, mg/liter
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Chlorine Demand of water at Bangkhen water treatment plant
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Residual Chlorine

260 2.80 300

2.00 220 240

140 160 180

0.80 1.00 120

0.00 0.20 040 0.60

Chlorine Dosage

—®— Free Res. CI2 —®— Combined Res CI2 —*— Total Res CI2
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Chemical' Abb

I J_' ° ted
Effectiveness

Compared to
HOCI
Hygueilleiellitlele HOCI 1
| T'% chlorite ion OCI 1/100
Trichloramine NCl, No estimate
Dichleramine NHCI, 1/80
Monochroramine NHCI, 1/150
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-~ Appearance : Greenish-yellow Liquid

_— - - .

- M.W. 745
pH: >11

S.G.1.08-1.26
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MW . 143

pH : Alkaline
SoPIIEES21 /gm / L 27°C

Bulk Density : 65-67 [bs/cu.ft

, Calcium Hypochlorite Granular
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1), + H,0 — 2HOCI + Ca(OH),
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OCI- pH~11-12

cl, — Cl, ,HOCl pH~2-3
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= *+EFI ,O + Electricity — NaOCI + H,
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Effect of pH & Temp on Clzeffecfivéness e

100 o
90 10

80 20

70 30

60 <0

am “am .

a0 o0

0 0

20 ;e

10 o0

o . . - 300

. 4 s ° S ?

The following is a tabulation from the above graph
at_ 20 degrees C.

3

TABLE 2 DH | XHOC1 xOCi TOTAL %
p 200 o 200
A 96.8 3.2 00
7 75.2 24.8 100
7.5 49.1 50.8 " 100
' —) g - 23.2 76.¢8 200
. 9 2.9 97.12 100
2

1z ‘ o 1200 : 100
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HOCI

8 8 8 R 8 8 ¢ 8 R ® °

Effect of pH on él;effectivgness (Clé species)
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*’::‘: " Normal Circumstance : Free Residual Cl, 0.2 - 0.5 mg/L
==

e — - Outbreak : Free Residual Cl, must be higher than 0.5 mg/L
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Iorlne

S

— ‘coll
- Polio 1 {175
| _4‘. Rotawrus 0.01 - 0.05
-';-‘*53—"-" "~ Giardia lamblia 150 - 300
%Ejf;.{;ryptosporidium parvum 7,000

Ct-Values for achieving 2log (99%) inactivation
C = Residual Concentration mg/L

t = Contact Time in Minute
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Disinfectants 1 . i

Chlorine solution
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Waste m eatment ( Disinfection )
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’-l_:z. "Ei*a'l Water Treatment : cooling water utilities (Slimicide)
5 “Beverages ( Disinfectant )

& Vegetables ( Disinfectant )

.- ~ Textile ( Bleaching )

Industrial Air Cleaning ( Biocide and Virucide)
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ProMinents

g' Acid :Chlorite solution process are available

zRe'Ferénce.: G.C. White. Handbook of Chlorination and Alternative Disinfectants.

4 th Edition. Wiley Interscience Publication, JOHN WILEY & SONS , INC. 1999



n : Chlorite Solution

Drew Industrial USA

Wallace & Tierman USA
Capital Control USA

CIFEC France
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olid Chlarite.

olid Method)

2 ClO, + 2 NaCl

janufacturer :  CDG Tech. USA
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= 0.54 :1.676 = 0.3

Actual Condition 1.2
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Reactor

33/9 % 25/7.5 %
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Oxidation Potentlal and Capacity
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35.5*100/67.5

52.6 percent

52.6*5 = 263 percent
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Contact Time (Min.)

1.9 2.7 3.0 3.0
3.2 3.7 4.0 4.7
Contact Time (Min.)
- ' 0.2 0.3 0.4 1.0
1.2 2.0 2.4 p

P.V. Roberts , E.M. Aieta, J.D. Berg , B.M. Chow , Chlorine Dioxide for Wastewater

sjueLjuIsiq



sl

L

~ oAl
ol V

- A R .
_'__“ —

Tl

-y
. - S o
N - L 2

F _r"-'l-l 1.,' -
T W

andsnanlunisvinana Spore uav
SHUANINAIDTU

=
a
=
®
Q
-
m
3
[
()]




ik

“:7‘??'

ISIy:
)11
R = e,

o
. . e
- :

jlorine

2.6 5.0

- |Chlorine Dioxide | 2.7 | 2.7

|paa

7.2 | >32.0
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Spore : Bacillus sp.

Condition: Temp 35°C
Contact Time 40 Min.
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= @ard:a-*ﬁmb:a (cyst )

Cryptasporldlum parvum (oocyst )

C . t value (mg.min/Il)

asiARainTalsn pH 6-7

clo, cl,
26 47 - >150
78 7200
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ure. 1l Chloroform production in water containing

g humic acid dosed with chlorine dioxide or
free chlorine

60

40

@ Chlorine Dioxide @ Free Chlorine

20

Chloroform Concentraton {(ug/L)

} T SRRV — el —
0 5 10 15 20 25 30 35 40 45 50
Reaction time (hours)
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Pre-reaction with 20mg/l CIO, on 20 mg/l humic acids(4 h. contact time)
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- (Data of Brauch)

THM in g/l S
o ~Clz alone, pH 6,9
704 ./_/ |
. 7
eo | | ,/.
80- s
/ ’
404 i
1 %
304
.. ,
20 / | | |
104/ S e ~—————® ClOz2 + Cl2 pH 9,2
V= . — ~———————— @ C102 + Cl2 ph 8,8
o 5 10 15 20 Clain mg/
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Measured Resdual - ppm

SELECTIVITY OF Cl,vs CIO,

cio,

HEAVILY POLLUTED

Dose & Residual wagumlasiiessnn

10

20 H0 40
Cxidant Added - ppm
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UV Light Rays or o, ®
Electric Spark



g Point -192°C

:-- h +

e

ling Point -112°C
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Co [arless Gas

Blue color in liquid phase

" Density 2.14 kg /m3 (STP)
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drmation equation

10, (+59.1Kcal) —> O

O+ 0, (-24.6 Kcal) —> O,

Net Equation 3/2 O, (+ 34.5 Kcal) =————p O; (489)
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~ =3,600K3

2 x 34.5 = 4.2 x 34.5 / 3600

e
. - ~

-

— *'gf-_"' = 0.04 KWh

e =
=1

 Actual = 20 *0.04 = 0.8 KWh
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Meyer / Baumgartner

Dryer System
Mixing System
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Henry 's Law

L2 'maeﬁ'\«umuammmm (mg/L air)
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Tarmo,
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mg O3/ | air

e 2 fl56 = 109 8.3

2186 125 6.7

0 03 9501 130 4.7
130 34.2 270 79  |3.80] 117 31
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> =Y, (Qc/ Q)
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“Applied Dose

- :""Yl = mg O; / L inlet gas,air

Qg= gas, air flow rate , L / min

Q, = liquid flow rate , L / min
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& ~ Absorbed Dose

mg O, / L inlet gas,air
mg / L O; exhausted gas
gas, air flow rate , L / min

liquid flow rate , L / min
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GRS 27
S UA.-UN/ A6

iforms / E.coli | 0.9 (0.3, 3)

|Virus 1

| Glardla lambia 1.43
Cryptosporidium sp. 5-10
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AYivantage

NGICost for raw
11 J rlal (air)

and Drawback of O,
£ : ,_)__

Drawback
“High capital cost

ng oxidant

s —g: 3 : .

High energy
consumption

ectwely remove
-|  Taste & Odor.

Rapidly decompose
No residual in water

No THMs. formation
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Ct Value for inactivation of Giardia Cysts

P

_

—
- - .. -
3 A

- 3-log
ation

- -l._h_—

C nlorf lne

-

£ 207 99% 99.9%

Chlor]ne - 35 ) 104
mine 615 | 1,230 | 1,850

= " or_uje Dioxide 7.7 15 23
: 0.48 0.95 1.43

|Ozone
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Chloroform Monochloroacetic
acid

Bromodichloromethane Dichloroacetic acid

Dibromochloromethane | Trichloroacetic acid

—— Bromoform Monobromoacetic
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Dibromoacetic acid
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MCLs : Maximum Contaminant Levels



A1sILAs1zd Ozone Tuiin

WNSA ozone
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':? dlgo Reagent

l Sample 90 ml

= > » 3%m absorbance # 600 nm



Diff in abs between sample and blank

Path length of cell (cm.)
Volume of sample (ml)

0.42

sjueLjuIsiq




=
a
=
®
Q
-
m
3
[
()]

Produce THM W|th
Produce oxidisad=as

Produce: hal ng el
juce inore i‘c‘byproducts
= -

e T S
__.___ --(4.---

f‘_-'_-,,“,.-.-;:— : so'ﬁ:enlng |mpacts

—

. — =-iEG'EEd1ty impacts

——

o B B = R
< < < 0O O35S 0o on < o
= I <R NN~ RN R el L

y =Yyes,n=no,s =sometimes



- ENVIRONMENTAL
THMs
TOX

Cumulative GPA

2.78

Safe to Handle
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Advanced Oxidation Processes (AO,Ps)
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in the water treatment process train.
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Example of Advanced Oxidation Processes
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