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A Study on Pilot Scale Cyclonic-DAF Reactor for
Cyanobacteria Removal*

Oh, Hong-Sok™ - Kang, Seon-Hong” - Nam, Sook-Hyun® - Kim, Eu-Ju” -
Koo, Jae-Wuk® and Hwang, Tae-Mun”

Y Department of Environmental Engineering, Kwangwoon University,
& Kyong-Ho Engineering & Architects Co., Ltd.,
¥ Korea Institute of Civil Engineering and Building Technology.

ABSTRACT

Cyclonic-dissolved air flotation(Cyclonic-DAF), an advanced form of pressure flotation, applies a
structure that enables the forming of twirling flows. This in turn allows for suspended matter to adhere
to microbubbles and float to the surface of a treatment tank during the process of intake water flowing
through a float separation tank. This study conducted a lab-scale test and pursued geometrical modeling
using computational fluid dynamics(CFD) to establish a pilot scale design. Based on the design
parameters found through the above process, a pilot cyclonic-DAF system(10m'/hr) for removing algae
was created. Upon developing the pilot-scale cyclonic-DAF system, a type of algae coagulant(R-119)
was applied as the coagulant to the system for field testing through which the removal rates of
chlorophyll-a and cyanobacteria were evaluated. The chlorophyll-a and harmful cyanobacteria of the
raw water at region B, the field-test site, were found to be 177.9mg/m’ and 652,500cells/mL
respectively. Treated waters applied with 60mg/L and 100mg/L of algae coagulant presented removal
efficiencies of approximately 95% and 97%, respectively. The cyanobacteria cell number of the treated
waters applied with 60mg/L and 100mg/L of algae coagulant both that were equal to or less than
1,000cells/mL and were below attention level criteria for the issuance of algae boundary.
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al., 2001; Figueiredo, et al., 2004). ‘&3 (Cyano-
bacteria)= 7 UleHAJ(Algae bloom)S U207
= F8 439 dhto]tiMoreno, et al., 2005;
Mohamed, et al., 2007). &7 27 wpa} 5%
Z F0%e Tl 2F 58S FEATIE A
© 2 e T (National Rivers Authority 1990;
Codd, 1995; Ho, et al. 2006). H25 & 93 %=
2 1t WA 24 (Geosmin, 2-MIB)S B Z3}o] &
o] A 7Ex ¢ S Hol=-THMOE,
2015; Ikawa, et al., 2001). B3k FZ2HF S 45
= 52 3] 15, WS, Al da) 9%
=, vgzd o) AEscw Zese o
FRY 548 U5 EE B4 Fheln 9o
o, o= o YgtlM e AHTH FE2FE
g 7hEoly of =L FAAE EaE At
(Dawson, 1998; Carmichael et al., 2001).

wHebA of2fgh EAH o' 27 AlA A
e g 7ls F oshE i< Eestet
A A2]71el 7FH-/dH (Dissolved air flotat-
ion; DAF)©] $It}. DAF 7]&¢] 432 7]
AREEZ] A, SR AFAE S A 7]
Eo}F 47} Atolof| A s FEEE A
AFE 43 A th(Baeyens et al., 1995; Eades et
al.,, 1995; Edzwald et al, 1995). o] ¥ e &&
371 #4 F9 =94 A S Fsk
o 2/ 2 FREAS AAsks WEe
TRE Ago] 7Fsd 7 2 gzl Wl
(Ometto et al., 2014). DAF 7]%-& Abd $3
Z5 A5 Biomass)ol] -2 vlA| 7]¥E7F =
E52 FHY F/AA 2 AAES 7

A7 o] 9lth(Rawat et al, 2013; Edzwald,

o =

1993). &3, %FF Y2 Wadshe A4S 2R
AMAZES FHAE F UtK(Yuheng et al,
2011; Yap et al, 2014). 7}HH7dH 5 Adsol
GdE A3]4 713 (Cyclonic-DAF) Al
3| F(Twitling flows) S FAAIZ = JE 125
ZkZ 71 9lo] Y47t B4 E2] Z(Float separation
tank) W5 SFHate A A w7 £
(Microbubble)©l] 7% 2 (Suspended matter)2-
Fasto] BAAIZITHL et al, 2016). T3
FEAE T4l FHE WEHS Fok] 9
T2 SN Bo 3E R Ao
o 2 Ao es §f 2ALY g Ak
A< & (Computational fluid dynamics; CFD)dl|
gt PAE mdEste] g3l 2AL] AA
o ¥FstAtt. ol & ol &dt 2F/ AAE 4

& olF AIATUTZIAE Al
st AAHRA S SHCFD) 2 o8] 7HA] =
BA| 2 M-S Faste] fA Ao A B
¥4 4= 9JthLundh et al., 2000).

=
AT w2 A A EE pEeE
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A2 47139l 7732 Figure 13} 2
o A7 959 FEREE
st vlAE S 298, w557 WEEe
FHY olTHeR TEY TR 2
Fdele vA e ]l fras BdE
of 97 A FE il FsEnt 2 =
T 2R Ag gk 25 S 2o T
Agez mEdn 2R7E AAE Aeere A
5|75 B3t sdHa Ao Wz
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& = = ZARSH T A
2 A&l en, ol s & 3 EMO# x}ﬂoﬂ 2y s A AA vF(Mesh) T 1=
A8k Y3t Ao e AAs)7] Yslo] A (Grid)= #-&3t th3 344 *H (Finite volume

3|7 e Eolj AW HlES 11, method; FVM)< ©] & &04 27120 9 A=
135:1, 1.6:1 2 1.85:12 A sle] Agstgo A& sk fAAT B (A%, 2ug
U% Figure 29} #th **?4*‘7}" HAAA 7HEA] odluz] B2 B9 s Zﬂ%ﬁ%— o] g3}
e IATEeR Sl on, AV EE 2Lmine. WEEH o R ik AYE FH BALE 33t
Z F3th Y4E N A SE A Aok AgAridze 2l g4eE U
2‘;2 Z22Ya9 AALE HYEES H7E o S o, AifAlE P4 mdy =
31 th $3 A= Polyacrylamide E-AHS-F A Ao thes} 2}l DAF uhez AAes <7
005% &< 2mg/L= FAHSITH ojnf, Fikzo] A FAIREE 9Foltt. &7} §
o] shtel WgzolA dojur dLow &
2. M3|A7IIRAELR| FARRAIGHA] A Ol 7bestth 44 frgS 10m/hr2 F2 8}
2 AFME F54 H92E AA 9% on, $& 7 0.1m'/hr2 FFIAT F
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Table 1. Material mixture ratio for R-119 synthesis

Materials Ratio(%) Materials Ratio(%)
Chestnut Tree 7~12 Feldspar Porphyry 15~20
Oak 7~12
Tea Tree 7~12 Ocher 15-20
Ash Tree 7~12 .
Pine needles 7~12 Zeolite 1520
71 5~6bare] gHo g EEAZT WHex L3 W 2 4.5kgf o] A 2GR A
B8 19 B fre dclMe =E4E F 37 FETE 10Umino.2 stof F7]84 7t
223,00070, 84 oF 857,0007H2 48kl E 30Lmino 2 FHIIT SHAlE 7
o, i 29 Aol =EFE 266,00071, A AA(R-119)(MCKorea, Co., Korea)S A}-8-3}
LAFE 1,035,000/ 2 FASHTE £ ol Atk ZFAAA S MAMIA] 3 Al Fo =
A A0 ANSYS CFXE AH8al9l ABFET Fe3EA Ehee] BE A
o 8l 717t FHeRA 552 H o, € Z=o] AAHAN} FEH=
old &Y 550l oA F AR FgE SHE 7FAA tHNam et al, 2016). AR&-E
o} 71X £9 o) fEs BAK] dtd, ZRAAA S sl TAsh= s2AAE o
FAHAY 23] i (Multi-phase) ©l 2= 4&  FOoR o= SHAE R- 1198 WA= F
St om, Z47}e] *‘Oﬂ ek SRS n= stnom, A 244 ES Table 17 2t}

AAFste] 71Z88l= Eulerian-Eulerian W'H <
AHESIGTE ATl BEH ke GF 2
(Turbulence model)S 288 732 #Aaksj4]
AWt e SRR 7P Qe Ave
o Agael B AT AS W o A
(Hague et al., 2001). 2|34l Ao] FFEL
o] AR TolM e B ZEddA de] A
93 Qe k-c BF 2de L899

= =2
(Davidson, 1997).

HJ

J

e e

10m/hrE A2ld e &Fer A% st
At gAe] dA A7+ 1,1200m(D) * 1,350
mm(H), Scum &]4#2 58mm(D) x 1,200mm(H)°]
Fa8TFe 1 100]_‘0]1:}. ﬁ}olaﬁ_ /ﬂﬂ/q
AL B AY 958 oz 4%
oA BliESG O, YER ANSE B4
of ALEES FrAT AT B

OL

}\\jﬂé]l 7]'(1):}‘"?‘ oz]{‘ U]H]7]i7q1ﬂ—}r—’ Z%_;(ﬂ
AA(R-119) 60 mg/L 2 100mgLE F5te] &
g gAstgon, dve A Fuw

Ha 9 daF AEFR v PR

oﬂqu/\]aﬂf ES 04705.1b A E4Z
dAn)dAFH o2 BAsG e AT w4
AT 2ol AR o] & AFHEE o] &3
Hu|74S OLYMPUS(Japan)S ©]-&3}] zoouH
HZ 102E9 o] v Al

J

¢
LXDX WX N

oA71M, cE MgE AL &, LS AF T
g} Zoj(mm), We A4 789 ZF(m), DE A
729 Zol(mm), N& A4 A Folth

WA (cells/mL) = %1,000 = (1)
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1. B AFY MS|ADT AKX

F AL AT SR #ol/A7
3} B8-S 1111, 1.35:1, 1.6:1 2 1.85:1% A
ato] Adst9dt}. S H A& Polyacrylamide L%
A-SAA 0.05% EH 2mgLE T }Oﬂu}
BE A 7HEAIRRS 1AL, RAIZ|E
2Lmin°] Aot HHE2 7Y e HEs 124
NTU ¥ 2233+ 53.1mg/m' 2 YERSTH
=o/474Ws} vleS 111, 1351, 1.61 2
1.85:12 3 sto] Agg 44 Z= Table 2
o} 2t} Eol/ARSE HlE BE AN &
Z2gae F90%9 A2 &S BHiloH, &
ol wat Be 9 FraF., Aeged 2
Apol7 Qe Ao el webs, sdEl
A2 AR = EolAlgel v A F
23}t o) Fo] Jbedt FE R A& $lstd
Fol/A7HE H&E 1112 AAest

r o R

2. MB|ADIASARR| HAFHGHA

2 AN e AuE ﬂ 7FH A1 €
Felety 54& 2AR] S8 AARAGE
2ARE SRk AARAN NS 919 A8
ZIRALA] w82 = Figure 33} o] 746
ATk 7R 8 3717E il ge.s wEd
mo] 7129 A7) G F&o uel Ao
AR 2k 10~ 120mB =2 FefA Uk A
nlo] 22 HEe AR wjEHdr) Hhe% 3
19] A% £% 9o E =242 2 223,000
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Table 2. The results of lab-test

N, 8oas 9F 85 0007Hi Tt en, 4
3 29] ZASole RESFE 266,0007, SAFE
1,035,000/ 2 74 é}oﬂl:} ARl 7L “Tet-
ragonal’ ¥} ‘Hexagonal’ ZAALZ &35|o] Q&=
‘Hybrid’ A2} Jej 2 FAch frs 4o ¥zt
7k A 99eME & /‘ﬂ‘?:l??} 7-3. AE Ao
2 ghso] Alete 7S FoIth As47het
A x2S AdFAgge R BAH]
A e ) 243 349 fEF 20
Fosaict §he-20] #H-E ‘No-slip condition’
& A&ttt 37] BRAAM R £AE ol E
4 S\=% Degassing boundary 2 7% 3ttt &
i =S 483tk

U ke

Figure 4= @7 13 9744 28 g = HA
A B9 FEEEE TAIG Aotk 4 19

g 29] W] B8] AL olf

29] 7% 0261m/s= YERT) o]9} e Az}
L 329 M 127} 84 19 BlE) yolA
%

Aol e Ag Al

= /P71 523 FEd 98 13} 2=

Test No. Height/diameter Turbidity(NTU) Chhrophyll-a(mg/m")
Raw water 124 53.1
1 1.1/1 1.0 2.8
2 1.35/1 1.2 2.9
3 1.6/1 1.1 2.9
4 1.85/1 1.4 35
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(@) Cyclonic-DAF Reaction Tank Shape 1 (flat bottom)

air outlet

Water + air inlet

D763

Waste outlet

(b) Cyclonic-DAF Reaction Tank Shape 2 (angular bottom)
Figure 3. Shape of Cyclonic-DAF for CFD

. water. Velocity
water.Velocity
540D 0.400
0.300
0.300
0.200
0.200
0.100
0.100
0.000
[m sr-1]
0.000
[m s*-1]
(a) Shape 1 (b) Shape 2

Figure 4. A schematic presentation of the distribution of water flow velocities in Cyclonic-DAF reaction tanks
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Figure 5. A schematic presentation of local velocity region from Shape 1
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Figure 7. A schematic presentation of water retention time from cyclonic-DAF tank
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Table 3. Criteria for the issuance of algae boundary

Division Level
Item Cell number of cyanobacteria
Attention 1,000 cells/mL
Stage of issuance Alert 10,000 cells/mL
Outbreak 1,000,000 cells/mL

Table 4. The results of cyanobacteria removal

Cyanobacteria(cells/mL) Chlorophyll-a
Chroococcus sp.| Phormidium sp. | Anabeana sp. | Microcystis sp. (mg/m’)
Raw water 208,500 32,500 412,500 240,000 1779
Microbubble 7,100 2,000 33,000 27,000 415
R-119 60 mg/L 66 0 160 413 8.6
R-119 100 mg/L 41 0 103 263 5.1

ol whet A=, B A Ao FEE
Fa FEE 1779mg/moleH, 2% FUHF
oF 89mg/L= UEhgTh A%l dE 54

A3 A 7IRHEA 9] Al Adte 2R
Ha ¥ G2F A EFE ¥ 0 78T Table
4= A5 3 AP 23S UER Flolth A
NE AegoA FREZar % 77% AAEA
on, ZFAAA 60mg/L 5 100mg/L A 2]2]
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Anabeana sp.
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