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ot BARYYE Vet 4y vk (Edzwald, 1992). uhebA
DAF FAM= HAALS Y3 sweep Z2Z2(HUE 2 Z3)3E= &
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2.2% St Atd gAA A PAs s &3 W

e a1 St

Table 2.1 General guidelines for the operation of the bubble
generation system (AWWA 1999, Kawamura 2000)

Pressure

Recycle ratio

Hydraulic loading rate

4 ~ 6 atm

6 ~ 10 %

10 ~ 20 m/hr

Table 2.2 General guidelines for the operation of the rapid mixing

and flocculation basin (=AY FAE 2006)

Rapid mixing

Flocculation
(Ist stage)

Flocculation
(2nd stage)

G (sech)

= 600

60 - 80

40 - 60

t (min)

> 1

> 5

> 5
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(2) 71249 #FA9 2587 4A] &3
71328 Aol tiet ¥ @ s Qo] F2 A= 90dd] o=
1) non - brownian particles® tW-F33& (convective capture) 2)

brownian particles®] &AFE 3] (diffusive capture) o] F+ Zwkz<l A
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Smoluchowski (1917)°f 9JsfA AlztE o T+ 7]Ee} 4xo] F
=85S $HHA (horizontal displacement)”} 7]13Z°] WX 53 YA}
o] vHAFE] TR A e} VEE TES o] Aol TEL
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Non - brownian  particles®  #HdoA S92  Langmuir®
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st & 2Wed A2 2UEE Aol A -FEYeE A
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A2l 5L 1#3F non - brownian particles? #HAA2] A=
Ao 2 Sutherland (1948)el &Jafix FAHoxlen, 271 7Hd %

0

AL 22 ztd4=E & 7)3E9 F99 potential flow stream lines=
mEv, kel Fge] V1E mHe d Ao WiAE delA Faeit
W XPHIT FEAES EC=3RP/RBE AFat3itt. 1 § #Ad o]
K>0.1%1 A-felAel dAs=el #g BHEZQ A4+ Fonda &
Herce (1966) 1213 Micael & Norey (1977)7} o]&& s},
I 5 AE #E At B o] v A2 WA SEgle
o, WA go] FAlE whek AeelA dxbe] gA e T 2 FEe 9
+3otw Flint & Howarth (1971) % Anfruns & Kitchener (1977)
o) 98 AYHY BA aﬂ o] K<0.1 Bt} 2 Hee = FHo] ¢
Aol HAYS FHot] FEEES Hﬂ@r’\] 7= 2 QKlo] "dvk+ A
oJt}, TE3SF Yoon & Luttrell (1989)2 Stokes flowel A 4=} =7]
7F 713 wls) sl #AE A5l %—%E%L EC=3/2(RP/RB)Z 7
23l 3o, ¥ SCCE (Single Collector Collision Efficiency) X
doA] o T 0T ol gET)

T3k 90 el ol28 7] ¥ retardation®] FEe] wWE FE
a8 gl sl AL AVIst 2, Schulz (1992)+= 7|E2%d
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Al A3 2 A FAE Hewitt, Fomasiero, Relston (1995) %9
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(3) 4Ars} 71E Atolel A5 ZE-go s AT

Ives (1977)+ F2FollAl d&kel 7122 47714 3 (electrostatics
forces) 0] =% 95 39, Derjaguin et al. (1961) ¥ Devivo
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Table 2.3 General concepts of proposed DAF models
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(2) B]l7#d &3 22 (Heterogenous Flocculation—Based Model)
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AAAT, dvie 71EAA, die EF5474S HEebdTh o] 2efx 7]
A717F 10 ~ 100 m2] B¢ ¢ 40 m =2 1A ESY] wite] ==
ol A7I7} T el wmet FENELE TS S eq. 2
c}.

(3) AFEA (Trajectory Analysis)
Han (2001)< Ak} 71329 AH714 Aszgs& adste] A8 &E
A& AFESte] 7]l dAEe] FEa &S geteldith 9714 eq.

2.169 el BA8A P55 o] §ahel Takeivh

O

— osOL (s, X) Visy ~ 2 G5, )) Vs

I 7 M(s, \)sin 0V,

(eq. 2.8)
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o 7 QAN B FEACOR FE 98] dAHHe ErES

Fig. 2.5 Hydraulic float removal system
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4 %) 2 FFol AUtt.
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FRANE BAE AA Fe BAE £V G AQle® A gl
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Table 2.4 General guidelines for the design of the float

removal systems (3F=FALFAE 2006)
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3. AdZA 9 W

3.1 AEAA

3.1.1 =34 A (flocculation basin)

o

e

Ao 2 ~ 3o w MAHEY AF
Al ZF(detention time)< °F 10 ~ 20 #o]t}(Gregory and Edzwald,
2010). A3 AA = ofmd=Z Ao AFAFGS Table 3.1°

YERATE oFd Fig. 3.1 A9 MeEFrel AA] AFHS veRdY

219152l DAF

o

=

A E5EA

o

Table 3.1 Summary of Flocculation basin

Material Sh Width Length Height Volume
ateria ape
P (m) (m) (m) w
Flocculation
Polyacrylate Square 0.3 1.2 0.5 180
tank
Coaguilant
Rapﬁ;mwng Flocculation basin

Sfaged4 Stage3 Siage? Staget

Fig. 3.1 Schematic diagram (left) & Image photograph of

flocculation basin (right)

I
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3.1.2 ¥F2Z%(reactor)

DAF FAoA wWrgZF(reactor)+ HZFZ(contact zone), +d

N

(separation zone), =2 E 4% A] (float removal system)= T4
=3

WA DAF 34l HAFxe 2x9 Fystd Fék& (hydraulic
loading rate)< 72t 6 ~ 18 m/hr, 5 ~ 15 m/hrZ A F o] 7] 9

oAl AFELRT =gA AT Yy HTode FE xR
T4 Fakgo]l 20 ~ 40 m/hrel]l ©]=+= high loading rate DAF
o nhyo]l @ ko dAE AYstan vk B F4E 2WH
of mZ AFAE e f8 wbexze] ol 2.5 ~ 45 m=E

o}X] 3 It} (Gregory and Edzwald, 2010).
= AFAA AR Rz H5F s F8kE2 50 m/hro]
AFAZHE 1.5 mine|th. £ %9 48t
F2 2.5 min, FEH| =
u, GA 9] AFARES Table 3.2¢] WeRTh Fig 3.29 #5 ARE
A=

Hsze A

N
rr
—
)
il
e
Xl
ol
pae
i)
(=
olo
BN
1o
24
i)
rlo
o
°
H

(z

-
o
29
o
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Table 3.2 Summary of continuous flotation system

It Loading HRT Width | Length | Height | Volume
m
© rate(m/hr) | (min) | (m) | (m) (m) w
Contact
50 1.5 0.1 0.12 1.25 13
zone
separation
Reactor 30 2.5 0.1 0.19 1.25 22
zone
Sludge
- - 0.1 0.2 0.3 6
compartment

Fig. 3.2 Schematic diagram (left) & Image photograph of

continuous flotation system (right)
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3.1.3 E2E FAAZ] (float removal system)

Sx 4GS 71Fo® 120 mm 9XE S5 2AE)
Ast7] 98 HA R F9E AsAAeH, olwf 9= 100 mm ©]
st sttt
Chain - flighti= TAF 299 flightE A Zste] FFoz A&t
o]

Flight7} $1A] 8=

(=
o0

X A =aAE

_Hi_
A}, Flighte] A2 ofmgHoln 77]+= W 150 mm

54}

2 AZFSFA L Fig 3.3 74 FAFZX] MEFe 9 AA 4 ARz
A

S yEbdT} Fig 3.4+ flight @ AA] &4 AFRE vepdct,

-1--L'.‘3 ................

odnay B arnee B[
Water level

Influent 1

Influent 2 X* Effluent 1

26

Influent 3

0Scl

()= Effluent 2

J O Effluent 3

(= Effluent 4

Fig. 3.3 Schematic diagram (left) & Image photograph of

hydraulic float removal system (right)
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Fig. 3.4 Image photograph of chain - flight removal system
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3.2 A¥HY
3.2.1 YA /04 (number of particles) =34

sz U W fE59 Y4l 54S fdl On-line Particle
Counter (Chemtrac Model PC2400D, USA)E o] g3ttt On-line
Particle Counter= AFE-A7} AAsk= 8719 54 Ade mE U9

27) 9 A5E SR e o] 59 FAE 5 AL B A5

]_
pulseZ} #AYstcE 7|4 pulse?] G YA FE, pulse? Eol+=
Jzrel 2715 vEpdnt dWbd o R o] &3 SR T v wske]
)t} (Han et al, 2002).

AR AEY AL AR ABS BI B A8 N EFe

AT n] S Azko] WS Tt Aol

(

%

ARl A7) gl e wste] gk Theds Haskelr] 9 e F
K

dolo] AM FRE AgSAL, AF

L=,

Fe WA gt ROz MASACE EF Freld 24T 5 At 9

- 5

O,
o

counter® A FAbe A AAE 100 ml/ming FA3t7] &) AHFHZE
ARE SRl AR ol Yo o Azt A7) ¥ ol wistE
7] 9J8to] B o] Ao particle countergs A2 X3kt

54 A 2 5% AA9 NeEE Fig. 3.5% #Zom, Table 3.3¢
FA e Abks YER AT
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T Sample out

On-line
Particle

Counter

-

€

ltag
mv)

Sample outlet
T Vol
L Detector quput(
Focusing Lens ‘Z
g ﬁ(/_
Laser —— = |-}
——
S'E\mp!e Inlet

l A

I8

- \/
()]
= S
Fig. 3.5 Schematic diagram of the particle counting method
Table 3.3 Specifications of On-line particle counter
Detection Channel Dynamic Flow rate
method range (m¢/min)
Light 8 2 ~ 900 m 100
extinction
3.2.2 B & (turbidity) &
ez U 2 {fEFOA s Fd ZYH™YE AS7)7I
(YSI6600V2) & o] &3ato] AAzto s 8Bx wWas =Asqrt 2 A
oA AREst A= Abeg SR O dgye oed #
Fig. 3.6 o] Atahd S22 SN st wWel FS FAFsto] A%
o] {iAtell HRAA AbdE & AtsbdS 90° ZtEeA SA sttt o] #F9
Bt A5 degEde] sk vlHEsks Ae o] &3k Aotk A59
2% A= A Ass WEgs] 48] el 7125 9
- 28 -
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gatsict.

Transparent Vessel

Light Source

Particles in Soultion

Detector
Increasing dirt

Sensor Output

Fig. 3.6 Measuring scattering light method
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(bubble bed)o] #AEH, A &2 gz 5 shde] A3

BD)E Sl = & AddelMes fEF % xSt 37

A" (A, B, O°lA dAAI7] <

o}
g3to] YAk D HES ZPSA

Pump

'—&“ ‘—l Sample Out
Zzzzzz2 On-line Turbid.
Coagulant =
Rapidly mixing Di-line P

Raw water l ,,,,,,,,,,,,,,,,,,,

S oS PO L. C—
g g (2 f ooy @ ooO
8 | o o o o] @ g e
-1 o ocm e} 1 0 Influent 1
& S et eie e ® 5

Stage 3 Stage 2 Stage 1 Influent 2

0001

300 300 300

0sel

0scl

1200 Influent3 L_O _L || || F=Effluent 2 |
Air
I Pressure
auge
Water 6 Water + Air B g Influent 4
s | ° gy S Nuzle 5
P =

Flowmeter
00w, Contact Bubble Separation
zone injection zone
—== Drain 120 200 200
Mixing

chamber 520

Fig. 4.1 Schematic diagram of continuous flotation system

Al AHgE

[J_gl.’;

gl o Jled) 391 (Duksan Pure Chemicals jif,

Korea) & F%&°] 4o B%% 30 NTUZ 933t} pHeF 472w
= 27} HeS049F NaHCO3E o] €38l pH 7.55 ~ 7.65, 50 ppm/(as
CaCOy o2 ZA3AT AL Al(SO)s - 18H0, 1 % (w/wv)E
AFE3ke] 10 mg/L (as ADE T8t 3k &4 B EAQl NaOH

20 % §9& Fete] pHE UG KAkt

Z2YPAFAL 3How ol F 1183 wdtegd o, wuk &

rlr

247} 150 rpmelA] 1%, 50 rpmolA 5%, 30 rpmollA] 5&o]t},
23 |G = 251719 A4 SFEg WAt RAEE
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stk MF AE 71 ol Table 4.1 o YeERASIT

Table 4.1 Experimental conditions

R kil H] 3L
Saturator pressure 3, b bar -
Recycle ratio 10, 30 % -
A, B, C

Inside reactor

(250 mm from the bottom)

Sampling points
Effluent

D

Alk.

Synthetic
(mg/L. as CaCO?) Y

50

Coagulant dosage | Al,(SO4) ;5 - 18H20

10 mg/L as Al

Coagulant aids NaOH 20 %

_32_



4.3 1843

4.3.1 DAF ¥4 db-gx U A A3}

160

140

120 A

100 -

80 -

Number of Particles (Counts/ml)

I 5 bar, 10 %
60 [ 3bar,10%
I 5 bar, 30 %

40

Fig. 4.2 Number of particles under various

operation conditions at different sampling points
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4.3.2 DAF F3 A F&F 4A Hg

140 0.35

120 A

100

o]
o
L

[=2]
o
Turbidity (NTU)

S
o
1

I 5 bar, 10 %
[ 3bar, 10 %
[ 5 bar, 30 %

Number of particles (counts/ml)

20 A

Particle counter Turbidity meter

Fig. 4.4 Number of particles and turbidity

under various operation conditions at effluent

4.3.148° Anst FdatA JAATI= 2AxA A wE JA
Hels wskA S48l oy, Bxel Wsk= vn|shAl YErE
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5. DAF 23 A

5.1 A&

il

)

1A

aot @,

WRo R A
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=

Al7]

i

o] A
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=2 71

F5 il

o
o

5.2 AgWH 3 W&

il

z

<.
o

s

=
.

Al Zbe]

FE79 dAdsE RYHY

2= 479] continuous flotation system

A elA

AT,

gl

btk gl A

ALES

Kol
=

=
=

& 390 (Duksan Pure Chemicals jil, Korea)

2
=

7}

ol pH 7.55 ~ 7.65, 50 ppm(as CaCO3)

g olgs

HQSO49}- NaHCOg

Ao}

=
=

18H:0, 1 % (w/v)

Alz(SOy) 3 -

T
L

SR A

bt

S

=74

o
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10 mg/L. (as ADE Folstgh. =38k $7 B ZA ¢ NaOH 20 % £
WS- F315te] pHE UASA A8t

ZEgypge 3doR throl F 1183 wwsglon, i &
1

o

o 7 EWAAEA = 23719 b 3E2 3 bar, 30 %E =g}
At 2 AES Y, bk T R eLTvt EREC A=
#HAastatrl fal Aol stk ofgl Fig. 5.1 continuous
flotation system?] AHZQl 4o WE ZZE F FAWHIE Y

bl A}o] T,

Fig. 5.1 Image photograph of increasing depth of float layer
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Fig. 5.3 continuous flotation system
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1610 0] 5-ell, f+=

Ptk

ok
=1
3

H7] Aol FAZAE

A

3

[¢]

FH o FA =

|

<°

=

ZR2E

’

3

°olE ¥

o

120

T T T T
o o o o
(<] © < N

100

(Jwy/syunod) sejoiued Jo Jaquiny

Elapsed time (min)

Fig. 5.3 Change of number of particles with time

p—

_39_



6.1 A&

DAF 3HolA WS Z2E= Fel4], 7[A4 WAooz AAL -
Atk A WY ERE AAYHS DAF o] =dE 2370l
Azbrunlol W AR =AM FE EQlE WAOR AL wWol A
€53 2t} (Rosen and Morse, 1976). A9 SAA AL dHFF9
£ 2 cm oo ® AAse A ool gltk (Stevenson, 1997).
o= chain - flight, beach rotating %
H A= AW FSsi wiieel ¢
A2 = Aol HolE ol &gt Zlo] ofyz} wejate] A3 oEa)

P

&

el mE

A

oy
B

F2] 9 chain - flight?] %7

o] QAstE SA6k FAFA Y 2ds H A s)e)

®

R

Ay 3= S8 ex Uz Fdd d5e 7129 At 22
EE g4 & A= F715 WAk chain - flight +A%A

g gz SRR, At BE §E50 A4ARE B

40 - . H kl 1_'_” i



@ ST

FX= 472 continuous flotation systemS AFE3FATE Ao A}
& 2
FxEE Aol 2EE 30 NTUZ BHglvh. pHe dZE|ee
H,S0,¢} NaHCO3E o]&3ste pH 7.55 ~ 7.65, 50 ppm(as CaCOs)
ox A3 A E Al(SO)s - 18H20, 1 % (w/v) & AH&-3to]
10 mg/L (as ADE FYsklct. =+ &3 RFEAQ NaOH 20 % &

Ag Fste] pHE AP FAHAT.

o

et o 12 39t (Duksan Pure Chemicals jit, Korea)
pat

AN

EEEQ Pr“”ﬂ (¢cm/min)
EQ ‘][:‘ﬂl(cm/il)

o,

J

ot

>

b

I

N

~

E)

- X
e

o,

>,

oy

offl

rO

oS

2,

AU S
rlr

AR2E A 24 7] 9 $RIFE 4 P55 9

PN
i T
AA FAdF, 92 e, flight Zolo wpe} det 2 Fojd, AR 4
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Table 6.1 Experimental conditions

Operational )

. Interval Number of times Speed
conditions

Case 1 4 min 2 number

Case 2 8 min 4 number
30 m/hr

Case 3 12 min 6 number

Case 4 16 min 8 number

* flight 18] &4 Al AAS s Z2EY F4: 1 cm/3

AAE F8E S8l e UE 99 A5 71xe AFste] 2
EE AT 2 AFeAE F71E WASHe] hydraulic FAEAE
Ao m AR OH, AFte] WE FEFY YAHI}E EUHE
e

PR, Ao AbEe dg9, SHA FAF, AAE 3 2L U2
WA= LAFA 5 chain—flight $£A%A 9 Ay HAdsict 2 24
& A uig o SR QAVF EREC X JFE HAIEH
el AdellA ekl

FAZFA L AFFAE AHANA AZSE 2 cmE DS 4
T e ERE Zo] HUFAE FAstet 205w ARFE AFelA
T 9F 16 DR FA AAsdrh =3 FRe) o8 ZEEE 94
o, GAAE F AAEE ERES] oFo] AgtHolmr F7]o] wat A
EA7bs 2 AAgskeiTh
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A &N min) = F7) min) X GYGA|

+~ SN T AAYE ZREY F

AL
offt
]
ot
2
i

it

= EEE] “‘?‘77“ (¢cm/min)

7 (em/min)
MF-ZA ARl &4 7] 9 AFAIZRS 2 A5 A B, &
Ef} Z

A FdF, ez G, drselel wet 2t

z71% o} Table 6.2¢] Y SIT).

Table 6.2 Experimental conditions

Operational ] Overflow
. Interval Duration
conditions level
Case 1 4 min 3 min
Case 2 8 min 6 min
2 cm
Case 3 12 min 9 min
Case 4 16 min 12 min

* FAIZE Bt AAEH= Z2EY F/: 0.75 cm/min
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6.3 ¥4

6.3.1 Chain - flight & ] W& F&F YA HI}

Fig. 6.1, 6.2, 6.3, 6.4+ chain - flight FAZx 2] +HdFHd HA
w2 FE59 JAMHstE yvERd g Eolt. XE2  continuous

flotation system +=HAAIZFS, YHS AAF HFE YERAY. 349 A

3

2459,
FARA Fh AlAFH Aakol Ao e ¢

T 7] 37 70, 8 ¥ F7]: 35 ), 12 &

(FE3F 1.2 3]) drHoz F7kepsinth o]+ flight olF A EEE
=9 eyl Wy, 9 ZgEV) Bz steFs el o8 A
s Ao R okt ek BE A, sFAITe] T3] T A
@] ERE F& AA 0 FEEE AT Sl Askt

o5 %3], AA3 F7|E chain - flight &3 Al FEF9 45 ¢+
AAoE FAT F UAss AT Fre EEE F9 FHd A
Gl dast AtET S AolA, Hdd =g+ 2ol ¥4 a8
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45

—@— Interval 4 min, Number of times 2 number, speed 30 m/hr

40 A

35 +

30 1

25 1

Number of particles (counts/ml)

20 1

15 T T T T T T
(¢} 10 20 30 40 50 60

Elasped time (min)
Fig. 6.1 Change of number of particles at Case 1

(interval 4 min, number of times 2 number, speed 30 m/hr)

45
—@— Interval 8 min, number of times 4 number, speed 30 m/hr

35 +

30 -

25 1

Number of particles (counts/ml)

20

15 T T T T T T
(0] 10 20 30 40 50 60
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Fig. 6.6 Change of number of particles at Case 2
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Abstract

DAF (Dissolved Air Flotation) is a process which removes
particles in water, using micro bubbles. This normally consists of
rapid mixing, flocculation, bubble generator and reactor.
Successful DAF separation leaves the bulk of the contaminants
floating on the surface of the reactor. This is called float and
removed by float removal systems continuously or intermittently.
Float removal system has been reported that it can deteriorate
effluent quality, if it s not operated in an appropriate manner.
However, few relevant research and operational guidelines have
been conducted and suggested. Therefore, float removal systems

have been operated by operator s empirical experience.

In this study, optimum operation condition was investigated by
measuring efficiency under various operational conditiontions of
float removal systems. In order to achieve this, particle counter
has been applied for measuring efficiency of DAF process. Float
layer formation was analyzed to figure out operation interval of
float removal systems. Through this process, operation of float

removal systems have been optimized.

Particle counter can measure number of particles with high
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sensitivity under various operational conditions. In addition, it can
measure number of particles at different sampling points,
meaning it can analyze particle behavior in DAF process.
Therefore, more accurate diagnosis of DAF process can be
achieved by particle counter, replacing existing diagnostic which

measures change of turbidity.

It was found that there is limit depth of float layer (in this
study, it is approximately 8 cm). From the time when depth of
float layer does not increase (in this study, it is approximately
16 min), number of particles at effluent starts to increase. After
the time, newly floating float cannot form the layer and
re - settle by flow to the bottom of reactor. It i1s encouraged to
operate float removal system, before float layer forms until the

limit depth.

Regardless of type of float removal system, number of
particles at effluent was low and stable with interval shorter
than the time needed for maximum float layer depth. In addition,
longer interval leads to higher efficiency. Enrichment of float
with longer interval can help it endure impact by operation of

float removal system.

This results can be valuable information for operational

guidelines for float removal systems in DAF process. In addition,
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measuring number of particles, using particle counter can be
applicable for optimization of other operational factors in the

process.
Keyword: DAF, float removal system, particle counter,
enrichment, Chain - flight, Hydraulic, duration, interval, number of

times
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