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Algae Control in Water Treatment System by Resonance Frequency

Case Study: Bangkhen Water Treatment Plant Metropolitan Waterworks Authority
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Porrawee Nakakul 2009: Algae Control in Water Treatment System by Resonance Frequency
Case Study: Bangkhen Water Treatment Plant Metropolitan Waterworks Authority.

Master of Engineering (Environmental Engineering), Major Field: Environmental Engineering,
Department of Environmental Engineering. Thesis Advisor: Assistant Professor

Monthon Thanuttamavong, Ph.D. 74 pages.

The Bangkhen Water Treatment Plant Metropolitan Waterworks Authority which produces water at
a force of 3.6 million cubic meters/ day is in progress for 24 hours a day. As the raw water supply from Chao
Phraya River is far away from the plant there are many factors to encourage algae to bloom in the water. Due
to an algae bloom problem, the water supply constitutes some negative impact on the raw water quality and
water treatment process. The purpose of this research was to study the efficiency of algae growth inhibition of
Resonance frequency with chlorine by focusing on reducing the dose of chlorine before treatment to control
the chlorine by-product. And to analyze changing of the physical and chemical qualifications of the water

after contact resonance frequency and effect of resonance frequency with the coagulant (Alum).

The result showed that using Resonance frequency to inhibit algae growth in raw water of the
Bangkhen Water Treatment Plant can reduce chlorine concentration 0.5 mg/litre of raw water treatment
process that uses 2 mg/1 of solid chlorine 5.15%.Furthermore turbidity, conductivity, alkalinity and pH had
more values of using 2 mg/1 of solid chlorine 2.74 %, 1.31 %, 1.39 % and 0.01.According to the changing of

raw water qualification, the concentration of Alum 1% is increase 5 mg/l.

Student’s signature Thesis Advisor’s signature
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Algae Control in Water Treatment System by Resonance Frequency
Case Study: Bangkhen Water Treatment Plant Metropolitan Waterworks
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MNN 1 811518 Melosira
1a1: Michigan Technology University (2009)
2.2 Oscillatoria
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NN 2 @1%319 Oscillatoria
An: Kentucky Division of Water Organization (2009)

2.3 Cyclotella
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MNA 3 711319 Cyclotella

a

N Japan Science and Technology Corporation (2009)
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MW 4 8111519 Synedra
i3: Piotr Rotkiewicz (2009)
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MW 5 &113518 Lyngbya
#31: Cushman Foundation (2009)
2.6 Nitzschia sp.
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NN 6 a1%319 Nitzschia
An: College of Chaleston (2009)
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Anabaena sp. PCC 6411

MW 7 @138 Anabaena
1a: Instituto de Bioquimica Vegetal y Fotosintesis (2009)
2.8 Chlorella
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MNA 8 914318 Chlorella
ﬁ%ﬂ: Institute of Botany Section of Plant Ecology of Prague (2009)
2.9 Euglena
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MWA 9 @ 11319 Euglena
#301: Marine Biological Research Institute of Japan (2009)
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3.2 ANUYUYDI (Turbidity)
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42 MIIANMINILIIBVOIULAIHTOAWYY (Light Scattering or Turbidity)
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4.4 midananlsilad (Chlorophyll Determination)
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Oscillatoria sp. Removal and Chlorine Relationship
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Melosira sp. Removal and Chlorine Relationship
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Synedra sp. Removal and Chlorine Relationship
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M1519N 3 Usnaarsau (1 %) NDANAZNOUADAADEA 1AL

Alum dose Turbidity pH Alkalinity
(mg/1) (NTU) (as CaCO,)
0 50.50 7.57 107.6
20 6.50 7.48 101.4
25 5.30 7.42 99.2
30 3.47 7.31 96.8
35 2.95 7.26 94
40 2.30 7.21 92.6
45 2.08 7.19 91.8
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~ a ) A PAIPN o v A @
M3197 4 USuaE15au (1 %) NEANAZNIUADAADIATINANIENAINT 1FANNDT Tyt U

Alum dose Turbidity pH Alkalinity
(mg/1) (NTU) (as CaCO,)

0 57.90 8.67 105.8

20 10.70 8.62 102.8

25 5.62 8.57 100.6

30 5.12 8.45 97.8

35 2.84 8.39 92.8

40 2.81 8.34 91.4

45 1.90 8.27 90.4

$ a 4 o 1 a -4 [
M99 5 Usinaasdy (1%) oanaznaunoaassaninaluMevaIns 1suaadenlaTs

4 4 a 1
Aao lsiidudu 2 mg/l ionruguilsinuaviie

Alum dose Turbidity pH Alkalinity
(mg/1) (NTU) (as CaCO,)

0 52.90 7.59 108.6

20 9.56 7.47 103.4

25 6.31 7.40 99.2

30 2.92 7.31 96.8

35 2.81 7.24 94.2

40 1.94 7.21 92.6

45 1.82 7.19 91.8
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sawnuuaadonlalisnas lsiidudu 2 mg1 earuguilsinaainie

Alum dose Turbidity pH Alkalinity
(mg/1) (NTU) (as CaCO,)

0 58 7.81 106.4

20 10.4 7.66 102.6

25 6.83 7.59 101.6

30 4.94 7.56 97.6

35 3.62 7.53 93.8

40 2.55 7.50 93.2

45 1.74 7.48 92.8
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[ Y Y IS U d’
msAannadunumsismsmiiswiuanudsTsususluszuulszah
o 9 =) o gl a 3’
1. masadunuansadlumsdsulyguamihveslssukaatinnavy
o 1 Y =
1.1 Al 19918v09na05 LN Ca(0C)),

a o = 4
nouRMIuanaveunaden laTnae 151

Ca(OCL) + 2HO0 = 2HOCI +  Ca(OH),
Molecular weight 126.98 36 104.90
126.98/104.90  36/104.90 104.90/104.90
=121 =0.34 =1
AMUDUTUYDINADT U Ca(OCL), NeautoInaIaIn 65 % (W/W)
NUODINADT URS 100 N3 litile Ca(OCI), 65 NS

nnaumstidesms laliaaesa (HOCI) 1 nsu Avansenan Ca (OCL) = 1.54 n5u

Y
v o

astiumsasonlaTinaesa (HOC) 1 n§u Aoua3enain Ca (OCL) = (1.54x100)/65

=237 054
= 9y 9 ~ 9 a o
AABIUNI Ca(OCI), NTU 65% NUIBAWTDINAIATIAY 58.85 U /A lansy
I a g’ 9 =~ o w dil a 1 Y 9
sanuwamihuauldnaeiulumsmiade lsauazaruguiTnaamaduiu 2 mg/
Y
Taedisaamsmaniinilszah = 3600000 A1).3./71
a g’ = 9 = 3 a [ @
T59UHAMNINUVULMST 1FAADT UNIHUA = 17064 D lansy /U

Y Y
gatualdnelumslFaassureelseanunaminuiaauiar = 1004216.4 U AU
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1.2 dnnamlgnevosansdu

iwmmsﬁnﬁmwﬁumuﬁ'ammmwm 4.432 U /D lansu

a g} 4 {
Tsenumaathuavulgarsdulumsanaznouneanssatiutu lasnae 30 mg/l

Y
Taeiisaamsmaniinilszah = 3600000 a1).3J / U
Y Y
Tsanuwamiunauing lsasdunavun = 108000 N lansu / M
o asxl 1 FI 9 =~ a g/ =l o
gaua l¥aelumslsnasiuveslsanumantinunaulial - = 478656 U1 /U

1 91 9 = 13 3} 3 a g’ ISP
a1z unmslsarnnillunmsdsulsnammimauaves lssnusamihuauuia

1004216.4 + 478656 = 1482872.4 1M /U
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2. maanaaunuasallumsUsvljagammwiinie1gnudes Teuuudy
o ! Y =
2.1 mmmﬂﬂmwmmﬂaasum Ca(OCl)2

= o = -4
nouMauanalvenason laldnas 13

Ca(OCL) + 2H0  <—> 2HOCI +  Ca(OH),
Molecular weight 126.98 36 104.90
126.98/104.90 36/104.90 104.90/104.90
=121 =0.34 =1
ANUDUTUYDINADI U Ca(OCL), NeAuiosna1AIn 65 % (W/W)
NUODINADT UK 100 N3 1itile Ca(OCI), 65 N5

NNAUMINIABINISG La Inaesa (HOCH) 1 nSu @oua3euain Ca (OCL) = 1.54 n3u
astiumaasenlaTilaaesa (HOCI) 1 n5u Aoaa3onn Ca (OCL) = (1.54x100)/65

=237 NSV

AROI UK Ca(OCI), 1Wudu 65% NeauiosnaIngin 58.85 11M/n lan3

A Y A d 9 = o w zﬂy a ' Yy 9
o lsanuds Tauuus Umsldnasiulumsmaade Isatazarvauilsuaavsendu

=1.5 mg/l
Y
Taesiisasmsnaniinlszih = 3600000 a1).3./71
Y Y
Tsanuwnaminasuing lsaaos unavua = 12798 Alansy /U

Y
v o J

Y
gaiualdnelumsldaassuvealsanunamiunauiar  =753162.3 U1n AU
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2.2 dunaamlgevesansdu

iwmmsﬁnﬁmwﬁumuﬁ'ammmwm 4.432 UM /D lansu

. . . ) .
e ldanuas Tsuuud wiimsl¥msdulumsanazneuneaasssidudulasmae 35 mg/l

Y Y
Taslssnumaniiiunavuiimasmseantiidszi = 3600000 a1).3J / MU
Y Y
Tsanuwamiunaung lsasdunavua = 126000 N lansu /
[ 3 1 FI 9 = a 3/ A [
aadua lyaelumslsnasiuveslsanumaniinunaulal - = 558432 U1 /AU

1 91 9 = 13 3} us.:} a g’ S
a1z lunmslsaranillunmsdsulsnammimauaves lssnusamihuauia

753162.3 + 558432 =1311594.3 U0 /U

A o 9 = S I~ I~ ] = ~ ~ 3 9
191999101 A9910M5 [T IsuuugainNudlunsailuarainmsuasumlauieaanilos

2 hisuludestimsdsuaanudlunsailuaig

VoA 9 = Cal [ Y] g’ 1 Y
ayliuieldnnuds Tsuuugsmiumssulsnanini annsoaamldsisues
Y
Tsanuwaminayu'1d 171278.1 1 /AU
139 0.0475 UM/ a1

<3| Y 1 1 L4 A 1
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Y Y
unlsgihveslssnuraminawu msdszihuasvads aunsoasiua laasdl

v = s = a

1. mﬂwamimammiGlsvmmz‘lLiTcmmucm!,azﬂae‘:#u“lumimmuﬂﬁmm

1 A 9 A Cal o = a 1
111518 WUIUNB TEA 1D T U NS INAVAADT LA Ca(OClZ) gnsoandsnuaivse

Y =\ a A a o 4 1 A A 9 A 4

ulﬂ’ﬂ‘c’]NiJ‘]J'iSﬁVI‘ﬁﬂ'lW nNsaNNNUINaadvsenanad laaie lgauns luuuds

1 [ =) d‘ Yy 9 = a A a 1 = 1

FINNUAADTUNANMUUNUU 1.5 mg/l %$3J‘]J§$ﬁ'1/]‘ﬁﬂ']1/‘l6luﬂ"l'iﬂ'J‘]JﬂiJ‘]JS?J"Iﬂlﬂ'"Iﬁﬁ"IfJﬂﬂ'ﬂﬂTﬁ

T¥nae3 unANUTNTY 2 mg/l 1HiB908191RE7 5.18 %

v Y Y
2. nnmsanmMalasunlasnuauifvenihaunimemenwiagnianil
v a4 d a dquw a PRl o a A Y Y A '
wunthaunlsanudn TsuuussuiunasIunaNududy 1.5 mg/l azininnuyu
) I J a v g}z: A v = Yy 9 = 1 =
msth Wi ezanuilusendsganinhauildaaes ududu 2 mg iesediunen 2.74
. o 2 4 Yn day A .
%, 1.31 % 1% 1.39 % AUa191 Yo NUUANDHRASUDIIALN IFANUDLS Tty
' ) A A 9 v a0 v Ja Ag o ~ Y v ~ '
FWAVABOIUNANUALTY 1.5 mg/l zTaganinihaunldnaoTndudy 2 mg/l 1ied0819
~ VW =& 1 a 2 A a 2 =
@ounn 0.01 &9 lunumasghavlumssaninlsziheesmsdsgadhunsnane 3
Y g’a ~ 9) = ALl [ =) ~ 9y 9 =\ vAa
awnsaaglIdimhaunldanuds Tsuuudswnuaassuinanududu 1.5 mg/l Inaauiia
Y 2 [ g’q ~ 1 = P a A A 9 [
Inamganuihaunldanaoiu 2 mgl Futlulsnunassunldmuauamnelunszuiums

Y
wanilszivesnsdszlhunsvana

4 P Jd 1 [
3. HaveIMsanaznouie Idauds Tauuud Swduamsadeaznon
9 q Y J ' g’a Aq ¥ = ' Y A 24
M3du1% nlFlumsanazneunsaassa wuinhaunldnasiusuiuanudes Tsuuudgos
Y F4 1 4 [ Y
daraldnnuyuvenihgeliuisdedims IS uaemsdunniu 5 mg1 e 1# 1dnaninii

AMIATTIU (ANVYULTBENI1 5 NTU)
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a J
MWD n1 WasgIuganIwiilszihvesmsisziuasnads

o 4 &Y
Mutatuziivesesnmseuiolan 1 2549)

wmsmes TeTs) AU

(units) (Guideline Value)

1. paauiamanuanGe

(Bacteriological quality)

TaawesuuunniGe wu-1UW/100 ml

(Total coliform bacteria)

uuaniGeriia 8 la'la (E. coli) W-1UWu/100 ml Tunwu/100 ml

v A2 ara J
2. aaantiamani-dand

(Physical and Chemical quality)

GRIE 1n4) (Apperance colour) True colour unit 15
AUYY (Turbidity) NTU 5
36 1182 NAW (Taste and odour) - sl aufion
21311 (Arsenic) mg/1 0.01
uaALioN (Cadmium) mg/l 0.003
Iﬂilﬁj‘ﬂu (Chromium) mg/l 0.05
asen Tug (Cyanide) mg/l 0.07
@lzfq]‘}? (Lead) mg/1 0.01
1599 (Mercury) mg/1 0.001
1atie (Selenium) mg/l 0.01
V‘I@Jf’)ﬂllﬁﬁ (Fluoride) mg/1 1.5
Aao 134 (Chloride) mg/l 250
NvAI (Copper) mg/l 2
Man (Iron) mg/l 0.3
HuIMid (Manganese) mg/1 0.4
egﬁgﬁﬂn (Aluminium) mg/1 0.1

Tasiaea (Sodium) mg/1 200
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a \
AT NNUINN N1 (§1D)

niimes et Auuziin
(units) (Guideline Value)
sana (Sulfate) mg/l 250
qILA (Zinc) mg/l 3
laTagioudalud (Hydrogen sulfide) mg/1 0.05
USnaamsfiazaeiiavun mg/l 1,000

(Total dissolved solids)

Tuasnluga luesn (Nitrate as mg/1 50
NO3-)

Tulasilugallulasyi (Nitrite as mg/1 3
NO2-)

ARDIUDETLANUNAD (Free residual mg/l >0.2
chlorine)

I1UUTU (Benzene) ng/l 10
M3UoUMATINAD |56 (Carbon ug/l 4
Tetrachloride)

lalas 158ty (Dichloromethane) ug/l 20
wils, aos-lalns 5By ng/l 30

(1,2-Dichloroethane)

wu e Tnsu (Benzo[a]pyrene) pg/l 0.7
luTlnsFadu-1eass (Microcystin- ug/l 1
LR)

3. asainldtleaiuuaz i

ﬁ@]g ﬁ“lf(Pesticides)
203 ULAZAAATU (Aldrin/Dieldrin) ng/l 0.03
AaoLAU (Chlordane) ug/l 0.2

aaf (DDT) ng/l 1
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niimes et Auuziin
(units) (Guideline Value)

A09,3-7 (2.4-D) ng/l 30
wilmnasuazigdanaednen lad ng/l 0.03
(Heptachlor and Heptachlor epoxide)
@INBTARD 15U UTY ng/l 1
(Hexachlorobenzene)
auuaY (Lindane) pg/l 2
UNNDNFAQD (Methoxychlor) ug/l 20
mumnas Isiiuoa ng/l 9
(Pentachlorophenol)
4. lasenTadinu - 1
(Trihalomethanes) sum of the ratio
Aae13We5Y (Chloroform , CHCI3) ug/l 200
TusTulanaeTsimu ug/l 60
(Bromodichloromethane , CHBrC12)
laTusTunas Tslimu ng/l 100
(Dibromochloromethane , CHBr2Cl)
TusTuvles (Bromoform , CHBr3) ug/l 100
5. AuUAMNTId (Radioactive)
A5 ITLa (Gross Bq/l 0.5
alpha activity)
ANULTITINTITIUA (Gross beta Bg/l 1
activity)

a a J A 1 1A ]
NN ﬂﬁﬂi$ﬂ1uﬂi1’i‘a’J\i“l/‘liﬂ'ﬁilﬂ’llﬂﬂ%ﬁ‘ﬂﬂﬂﬁﬂuWﬂ@lf]ﬁj""llﬂ?WL!ﬂ%ﬂ’ﬂiJuWﬁﬂJuﬂ%

f3n: mMsdszihuasviai (2552)
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v Y Y
M351990 v1 ¥ilavazilsnaavielinihauvesIsanusantiuay

FUATIHIY

U (HI8/ml.)

8 U.A. 2552

20 1.A. 2552

ax a 4
ADNTAUATIEN

Cyanophyta (Blue green algae)

Counting chamber

Chlorophyta (Green algae)

8164.5

Counting chamber

Bacillariophyta (Diatoms)

Counting chamber

Euglenophyta (Euglenoids)

Counting chamber

Phyrrhophyta

Counting chamber

Cryptophyta

Total

v 9
Ms1eNuInt ¥2 YSunaamieluhay

9
V04 I59UNaATIIUISY

A Y a o ]
Tlﬂ’fﬂ‘l’ilﬂﬂﬂ"li@ﬂ@]ull@ﬂii’)ﬂ

fuitinmsnaaes U (1128/100 ml.) Fmsuesen

10 N.NW. 2552 1080 Counting chamber
24 N.N. 2552 800 Counting chamber
3 3.9, 2552 4640 Counting chamber
12 §1.91. 2552 1720 Counting chamber
19 §.9. 2552 3880 Counting chamber
24 3.9, 2552 1680 Counting chamber
1 13.8. 2552 3920 Counting chamber
8 11.8. 2552 2640 Counting chamber




v Y Y
M1 UINT U3 U a 111318 Melosira 11111A0U09 159UHANLNUY

Suiiimsnaana U (W1I8/100 ml.) IBMTUATIEN

10 N.N. 2552 0 Counting chamber
24 N.N. 2552 0 Counting chamber
3 3.0, 2552 240 Counting chamber
12 1.9. 2552 160 Counting chamber
19 §.9. 2552 240 Counting chamber
24 11.91. 2552 40 Counting chamber
1 13.8. 2552 80 Counting chamber
8 11.8. 2552 80 Counting chamber

v 9 Y
M519NUINT ¥4 YSinadmsie Oscillatoria TihAVYe9 15 91UNAATILIVY

Sufiiinisnaaea U (MU8/100 ml.) FMsuaTer

10 N.NW. 2552 680 Counting chamber
24 N.N. 2552 520 Counting chamber
3 §1.0. 2552 4080 Counting chamber
12 §1.91. 2552 1120 Counting chamber
19 #1.9. 2552 3240 Counting chamber
24 3.9, 2552 1440 Counting chamber
1 14.8. 2552 3560 Counting chamber
8 11.8. 2552 2160 Counting chamber




v Y Y
MIRUINT ¥5 YTIad M3 Cyclotella Tuiiavvee Issnunaniiauy

Suiiimsnaaed U (W1I8/100 ml.) IBMTUATIEN

10 N.N. 2552 160 Counting chamber
24 N.N. 2552 0 Counting chamber
33191, 2552 80 Counting chamber
12 1.9. 2552 200 Counting chamber
19 3.91. 2552 120 Counting chamber
24 31.9. 2552 40 Counting chamber
1 13.8. 2552 40 Counting chamber
8 11.8. 2552 200 Counting chamber

v Y Y
519081207 U6 YT a 119519 Synedra Tuihavuves Issnupaatiauy

Juilhimanaaes U (11128/100 ml.) ETIRERILERE]

10 N.NW. 2552 0 Counting chamber
24 N.N. 2552 0 Counting chamber
3 §1.9. 2552 80 Counting chamber
12 #1.9. 2552 40 Counting chamber
19 #1.9. 2552 120 Counting chamber
24 3.9, 2552 0 Counting chamber
1 1.8, 2552 0 Counting chamber
8 11.8. 2552 80 Counting chamber
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v Y Y
M519NUINT V7 USUNUA 11318 Nitzschia 111100 U09 1591NUHANLUY

Suiiinsnaasa U (W1I8/100 ml.) IBMIUATIEN

10 N.N. 2552 0 Counting chamber
24 N.N. 2552 80 Counting chamber
3 3.0, 2552 0 Counting chamber
12 1.9. 2552 40 Counting chamber
19 §1.9. 2552 80 Counting chamber
24 11.91. 2552 120 Counting chamber
1 13.8. 2552 40 Counting chamber
8 11.8. 2552 0 Counting chamber

v 9 9
A5 NUINT 48 YT1aue111519 Chlorella Tui1AUY091591UNAAILIUY

fuitnmsnaaes U (11128/100 ml.) ETIRERILERE]

10 N.N. 2552 240 Counting chamber
24 N.N. 2552 200 Counting chamber
3 §1.0. 2552 160 Counting chamber
12 §1.91. 2552 120 Counting chamber
19 #1.9. 2552 80 Counting chamber
24 3.9, 2552 40 Counting chamber
1 14.8. 2552 200 Counting chamber

8 11.8. 2552 120 Counting chamber




M Y Y
msnwmnﬁ 9 mmwm;uﬁumﬁmumaﬂiwmwa@ﬁmmmu

Suiivinmsnaaes ANUYY (NTU)
8 3.9 2552 34.10
10 1.W. 2552 16.30
24 N.N. 2552 16.33
3 9.91. 2552 18.50
12 1.9 2552 15.90
19 11.91. 2552 24.90
24 11.91. 2552 23.30
1 140.9. 2552 16.50
8 110.8. 2552 21.80

‘:‘ ! o 3} a a g’
MIHHINT V10 mmmu1"lv\|1711mmummaﬂiwmNaﬁumwmu

Sufithmsnaaes anuii Wi (umho/em)
8 1.9, 2552 329
10 1.W. 2552 309
24 N.N. 2552 286
39.9. 2552 292
12 1.9 2552 292
19 11.91. 2552 283
24 11.91. 2552 295
1 130.8. 2552 308

8 11.8. 2552 295




4 1 IS 1 g/ a a g’
ﬂ1§1QNu'3ﬂﬁ U1l ﬂ1ﬂ’JWMLﬂuﬂNeUfJ\ﬂHﬂUﬂm\ﬂiQQﬂ!NEWIHTU'NL"U‘L!

Suiivinmsnaaes anuiluang (mg/1 CaCO;,)
8 1.9, 2552 116.20
10 1., 2552 110.80
24 .. 2552 88.80
3 9.91. 2552 105.00
12 1.9 2552 104.40
19 11.91. 2552 93.20
24 11.91. 2552 99.20
1 130.8. 2552 101.40
8 110.8. 2552 101.60

v Y Y
M519NUINT V12 MR ¥UeITIALVYd TTINUNaATIUIIIY

”uﬁﬁ"umimam ﬂl”lﬁl,’f]“]f
8 1.9 2552 7.09
10 1.N. 2552 6.25
24 N.N. 2552 6.06
39.9. 2552 6.61
12 1.9 2552 6.67
19 11.91. 2552 6.93
24 11.9. 2552 7.05
1130.8. 2552 7.27

8 11.8. 2552 7.40
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