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Abstract

Coagulation process is the most widely used to remove particle for
water treatment plant (WTP). The operation of rapid-mixing in
coagulation dominates the performance of particles destabilization, and
affects the properties of floc, which significantly influence subsequent
solid-liquid separation such as sedimentation and filtration. This study
aims to investigate the effect of rapid-mixing intensity (i.e., velocity
gradient (G)) on the performance -of coagulation for the treatment of
natural turbidity water. First, coagulation was conducted by Jar test in
laboratory at various G ranging from: 150 t01000 s to determine the
removal efficiency of turbidity-and dissolved organic matter (DOC) from
two types of raw water. Furthermore, a pilot-scale in-line mixer yielding
much higher G (>5000 s') than mechanical mixing of WTP were
conducted to investigate the effect of high G mixing on the efficiency of
coagulation-sedimentation and filtration. In pilot-plant test, the effluents
after rapid-mixing induced by in-line mixer and mechanical mixing of
WTP was simultaneously flocculated at a constant slow-mixing using Jar
test to determine the residual turbidity and DOC of supernatants after

sedimentation.

The result showed that the optimal Gt value ranging from 9x10" to
1.2x10° for turbidity removal in the coagulation of low and high turbidity
water at optimal dosage was obtained. At such condition, the turbidity
removal and filterability of supernatant after coagulation-sedimentation
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increased with rapid-mixing intensity under a shorter rapid-mixing, but
decreased with mixing-intensity under a longer rapid-mixing. For DOC
coagulation, the residual DOC is first decreased to minimum and then
increased with increasing rapid-mixing intensity. Moreover, the floc
structure was affected strongly by rapid-mixing intensity during
coagulation. The floc strength increased with mixing intensity for the
coagulation of low and high turbidity water. Furthermore, the mechanism
of floc formation dominates the recovery rate of the broken floc. Floc
formed by charge neutralization (CN) is much weaker than that formed
by sweep flocculation (SW). The recovery rate of the broken floc
increased with the strength of CN floc; however, the recovery rate of the
broken floc is insensitive to the strength of SW floc. On the other hand,
the efficiency of turbidity removal through mixing with high G generated
from in-line mixer is superior to-that from mechanical mixing of WTP, in
which the filterability of the supernatant after coagulation-sedimentation
can be effectively improved using in=line mixer; however, the DOC
removal was insensitive to mixing-intensity of coagulation at such

condition.

Key words : Water treatment, Coagulation, Rapid-mixing, Mixing

Intensity, In-line mixer.
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—~

11



/R
M
<@
N
ey
—

'
‘ [aSE 8 ‘ BB Rk
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% AU E S er > P G :150~1000 s

|

I %% ~ /o KE x> I

oa | (R S k(R ki Rk
' |

—_—— - ——— —_ —_— e e e | —_—_—_—— e — —

B 3-1 5 %%

12

L



32 HEE-RFRATAHR IR

AT IEFERBRFRICE Eipran B2 H R REA A
ToAldrd 3-1 9757 > @ BN A ME RIS 4 B 5 AIRNATA B 2 RS
2P Ry - EkHE RORKRE S ARk d R EMRE B LR
ZEITH R LY R B AR L KR KB RRE RS X PR
B Er2ai P KB L 4 £ 8 > ¥ R E A3 10 o2 2ok 4
EHRRE2ELRER(ZRE S URE BgE ) miRE A

% 3-1 %% }\ii—éﬂ\ FLE ST AR R A (T 28k

LRI
(CMD)

143,800

550,000

T IREREITFGIEEZ tABELFE ERE

3-3 RCK-RFEIpRy s 4T
B A R EREHEEME RT3 100 NTU)Z 3 4 &
(= 100NTU) Rk » kREZ I F ok F (e 0 2L H A A K2
Sk it A5 enIE B & 7 N Fadk & 3 (inoLab Multi Level 1,
WTW)igl £ pH % -KE > 127§ & 35(2100 P, Hach Inc.)& B R -k § & >
Bk 5 0.45 pm g HE(E pL SR T /S 5 47 mm, Advantec)i i 15
L5 % a4 47 R (TOC-5000A, Shimadzu)# i#1i3 f21%4 #4 (DOC)
e R o I F 22 (NIEA W449.00B) iR (Fd& & > ¥ ¢ 87 R
(inoLab Multi Level 1, WITW)E BRI ¥ T & > 3pkd o FET =2 358
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Tk T L B iy T bR 2 K RE R/ B iE § = ik (Zetasizer nano ZS,
Malvern Inc., UK)RI & o $t 9 7% K82 RokK TR 40 3-2 #07 »
R ERFANAET Y 19p T 27 p BB RE S 20
2 15S0NTU 2_ ok » ¥ ¢b o & Rg - SRR A8 399# 67 12
P77 6P HBFERL202% ISNTUZ R-kopH E® 95 8>
KBEFE IR IEEALETRAE  RBEIRPAFALT R
(25~27°C) > R-ki3 f31E3 B+ (DOC) 7 £ ¥R ki A= F @ 3 e >
fi 5> 1.2~22mg/L » R ki B % 5 55~107 mg/L as CaCOs - H 7 A ¥
A 192~306 uS/cm 2_ B > 3kt o BFiE R 29 5-14~-19mV > $gkT

ok m %) 5 1.9~2.7 pm -

14



% 32 ROKOKEE SERA

AT R Rk i &

99.7.19 99.7.27 99.6.12 99.7.6

8.1 7.8 7.8 7.8

k& (C) 27 27 25 26

A& (NTU) 20 15

DOC (mg/L) 12 : . 1.3

#% & (mg/L as CaCO3) 69

¥ A (uS/cm)

Pk ie AET = (mV)

$FALT 3o £ (um)
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3-4 REAEE LA

HgoE RS R 2 R GR LR E 1V 4R(PACLH R EAE T F
S T RGRAET AT R Ak Y KRB AT ST ) S
PR BT SRV AHRRAS  RirE 2 R AR R
REAERIN KR MY AR FREEI A T TR 2 4475
i# % Al-Ferron sFp g &4 4 2 > H o7 RIL 1 84995 7 k48K 24
fé. 2 Ferron :2M| A & chid K 7 o i Mgp K f2end| & 5 = fé° 8 #4F
(AL) ~ B & 4R(AL) 2 W HE4R(AL) 200 0 047 9 Frde T wiig
(-) ##pd
%% A [0.2%(m/v)Ferron ;% i% )

& 1020 mL # B e drk P 40X 0.2 g ih Ferron 23 (7-
-8 2 A v ef-5-F fe, Merck Inc., USA) > $#§4Li H = 23 f2{8 >
0.45 um g B R Jc B »MEE B X2 AL AP 0 X R 53 4TC kP
’,%ﬂ * o
@4 B [20%(m/v)fs fai% i ]
50g & N fié 4 (Sodium Acetate) = /% f2*T i £ 2 3+ k9 > 1
0.45 um g AiE ks » ¥ 250 mL T ##
250mL = E ALY T A FT 4C kY g oo
A C[1:9 fF@Rpnir]
100 mLEBA A HEE 2 T kY o 5EEE » 1L 2 89gY T4
% ia Ay £
Ferron +* ¢ %

BicHA-BZ CEBFER25: 21 HVHIE » 1L 2 E4g7
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e

M LTS TiE Ferron v ¢ j& o e dFant & B~ 4 Crkda P 4 &
FAS TSI FRY >0 Ferron 4 2Bl B2 pid* 2 o
(=) wEMRYUT
Aae@ kR 10 mg/L as Al 2 45 %% (kR 5 1000 + 3 pg/mL,
High-Purity) > # # 25 mL &t.< 75> B> & .o 5L ? 334 » 5mL Ferron
WF o RIS BB A~ 051352740554 % 6.75 mL s4piE %
e e d R AL 25 mL o fe A2 SRk R A S 5 05002 0.04 »
0.06 ~ 0.08 2 0.1 mmole/L » # & 323 (& 1 & %k R334 £ 366 nm
JagB] T3k B0 G2 4R B MACHE B T o
(=) &3 Rl
B~ 5.5 mL vt ¢ (T T-rk -85 e et -5-A ik £ ﬁ Fadhia 2.8 & )
»25mL 2 v d E o LR RGE B DGR IR R St MV g P et
2= e A ?iaa R Lo 1 mindé AUV A=k sk & 2+(U3010, Hitch)
13 366 nm T E PR RIBGR SR K B AL e ] L g 2T o
P AL Al 2 AL AL 7 2 AL s B R SR Y T min ¢ p
22 Ferron :#8| F s eita » 23 R4RAIE 5 B H4F 5 AL G £dp &
Il min {4 2 120 min 2. ¥ » $k 573 7% » 4822 Ferron 338 F R 3k A o
3 RAFF G S R E4E S Al A & &dp & 120 min M X &2 Ferron 33| &
e > HARA LA & 5 4 § C4RR TR - Bk RF R

JE R AIT 14 4o x,ért Al 2 Al, 7 Al o

9SO RBOTR 2R GERAEA A ok 3-3 47T o A AR oK
Horig 2 R AR R ERELS A HALZ EEAS %S &

Al, 5 B 4 & 35% o

17



# 3-3  PACL R B 48] s & 15

Al, (%) Al, (%) Al (%)

PACI-#77 -k 3 48 36 16

PACI-% & -k 3% 54 35 11

F o B R AERLE A2 5 F BE T N (fla) I B(#

EL 76 cm- § 2.1 cm)i® i@z BH > REAR 2 58P
LRk R EARE RS GEER R PR S R SRR > 2 Y
GiEZ tEs ERREYERFZRSEIT S 2R3k

n'ﬂ

P
SUV R G 17 Solich Ao R 321 B0 ¢ s s %R KO R G
BN B TR RR A B2 A RSk ]~ A

WA EF 0w e R GRIE L R A R 3 5% 18 (PBY00, Phipps &
Birds, USA) 2 200 rpm 2_ f#:# #FF— &2 48 > @K aF R iFavk i o
BFREEIAIEFHIER G B2 EE > THFET2H
# 2 AR PR G ER R EE R BI(B 3-2)RKEF > iS4 2 E
KBEF R 2 B F C4EPACHR EH PR R B R ER 2R
(Zetasizer nano ZS, Malvern Inc., UK) 4 #7344 o hE 7 =5 AR
BREPR® T 10 cm 2. F R 0§ R 242100 P, Hach Inc.)# B4

S R GEAE 0 LA R o B R RN E T

7{_,,3:; gég AP AR N P ERRAAG R T R UITE 2T ik
B0 il BUGAR T R D] 330 e A R B 2 8 W E

Bl 5 B iR 2 ot o R E T R R et 2 T b e B0
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T o REME o 5 Y

i
BWEM B IKE BipriaF 2L B o

rooe
200
doo

Too

—
400 p——

Joo

77

<00

200

m__J\

100

!

/
D=76cm ’4

80—
Tor——
&0

g0 y

40 ,’

sa‘ //V

N y 4
p 7z 7
: 77
. VA4
s [/ /
, L 94
: %
/| 4

F 4 V}

d 4
’I £ 3 4 5 6 78%0 * F - A0 40 J0 %0 | a0 | ro0 o0 400 |‘¢l

Bl 3-2 = A4 T SR W G B2 i (rpm) 2 R )
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50

Residual Turbidity (NTU)

o
T

2 4 6 8 10
Dosage (mg/L as Al)
B i RARE R DRI AAHRL

o
- —_—

Bl 3-3 Beif R M B PHE R AT L F

o
hy
\.
$
-
\\\ﬁr
Eh
\v
34
%x
3\‘-}
AR
S
-
:‘ﬁ
3\“-9,
AR
=R
R
ot
&
)
B
5
S
o

% F 10cm 2 P EREFAYT A5 P ¢ £ & ~DOC % gl
Foeba U o) & B T B RATERIE A 47 R (Mastersizer 2000, Malvern,
UK)F s B2 BR-Rag R T 2932 EF352 A4 H g
M(e ZRRIT BN g B2 AR v F) Y P ERERME

2OV E 2 T S E AT
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3-6 Eipliidsk
R Rk R @ e AT R R R R TR
ol BRHRSEFVHARTEIERHET BRI~ HLPE
HCLERELFLIRRRERE A EHET R FRER
MRS FB%RY AW T 5 045um 2 1.0 pm g M8 78y
HERTERMEEKET 1.0 um AL Btk E R R B E S F
2. STIL B F Jedi s PP & » s AFT 3 #-07 1.0 um g i g % K H30 4

o

B FE T 2RI RER > AR ER R R HiE i 2 B E
o BB 3-4 4T 0 RURER TS > 11 500 ml 2B AL E R

TE L S00mly Fr FFRAGEUEE lum)EpEe >R IR
FoorEREE R 1R G S te £ B 500 ml
R Pt S R IT R B R RS ty ot B ot
B L R iEs% STIE » STI EA% % » Rl ARE o 2T % &
P~ 5 [ 4 45-(Suction Time Index) i® 5 3% B 12 4 H O o i
M 2xs% STI &2 2+ .,-r'iif'(l)‘\‘(ﬁ; 2008) .

500 mL 7Tk 15 ESL K B R B (6)

STI=
500mL ¥ -k il P 7 (t,)

(1)

pump

B 3-4 gLl
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3-7 BRFELAT

I AR SR g B haF ot R 1 s BRI E
(Lin et al 2008) | gy 33 4503 2xmp @ (@ % o & B B Sk EC bR T A 47 G
(Mastersizer 2000, Malvern, UK)#5 fie #3 47 385 > 1278 22 R P BOR
FETRIL ST B PRI sp RABE(TE P B EE AR 3-5 7o 0 Rk Y
R R AP R RS R RE HRppp s o 5 fin

v R P 0 KRR E 23F & 20 ml/min o

B RERTD S FREBEREL TR A LTS L

Slw RS R (G % 100s'~300s"~500s" 2 700 s7")ie i+
BRR o AR W33 R 4R [ d i % ] dsg i o

WhIL a4 ol ¥ Rt B K BOTE R dp ke AR L AT Y 29
33 gé):)‘{ ﬁ' &(V);’L—;E-'; RPN ;\-‘ (2),:,,_'__/_? (Jarvis et al., 2005) :

logd,, =logC—ylogG (2)

DEE P BcE o E S (um) s C - B3l s & Tk Bi(constant) ;5 y ¢ P33 5
PR SCRE Y ACY

FU* 2T 2Rl dso 2 G (TR > 7 KE B R Y B()E >y A&
A VI3 5 R AR o

¥ebo2F 5y 0% % BT 3 (breakage factor) iF 5 2 #75% 33 53
Bt o) 2 dp itk o 702 BLRR{S 9B 33 2 w 4R T dic(recovery factor) > 14T fiF
LMR ST A2 MBS B4 RS BB LA R
RACH 3-6 17 0y R4 EF TS - B IR R R TR
B dist v RIBAFEZGEEDE > P L AAERE %

W RE w 4’;- % 527‘ >L —:E-; N ;\-‘ doF (Yukselen and Gregory, 2004):

~ F
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Breakage Factor (%) = (@ ; d,) x100

1

1 2

Recovery Factor (%) = % x100

dy PR EfE R P 2 TR T dy ORI ELES 2T S

dy © BEfe £ R B2 s Master 2000
(Malvern Inc., UK)

ds &

PACI

00

5 5 Computer
& / Peristaltic pump
Mixing tank )
Bl 355 Bhos g 47 £

| | | | |

Aggregation | Steady-state] Breakage | Steady-state | Re-aggregation |

I I I I I

I I I

I I I

8 ! ! !

wn I I I

< | | I
(=]

— I I I
S

I I I

| | |

| | s
I I I
__________ (N e I N A

Mixing Time
B 3-6 Wupmz L4 Ly
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3-8 FHPRE F PR Ak 3

B ERF IT2TR 3P idsk > AR g @R GG (T R
RE)VERH2Z PRI ABEFLT 3% %Y P RERAF L F
AL B Y TRFT RG22 R RB R - F PR 2 P g
20T ARR 3 ACR] 3-7 A1 0 e A A BN 2 PR 1S e w R
(2 KRR TR F 2 AV FEREA > VEBFEF 2 gEha -
TR A R AR 0 VS PR S 2 UK R BT o B iR R

/P

IR AR R ] AR B R R ARIZKE(H 50 CMD ~ 100
CMD) - i 5 Pifl B 4k & % KB F PR Bk B At
PGREWR R G BR e p RE EFK G A B 2500 2 fi Y 0 UEEA
ik AR G2 S KRR o SR L W A
FHod EF IR B AR o eI o RIRT ERAR
TR E (RS S em)P o A AR 2 Bokd V- iR R(E S

1

Slom)iETleing ey X B BRI e o 2 BRI R
kT dF o ¥ - 60 LR RdleE i 1 0 R A D P b
ORGRE Y  RGRE RIRRIGER Y Bk R R o RART BRI
280 e b R 0 SRS AR R R cnfR ok B o A b A T
W2 AR SARID AR R AR R RER L EE Y 2

IR RORERE > TR A LR o %ﬁ@ &RV BFHFE AR

T4\,
R
i
=
= ‘;\4-
o
=i
>
k'l
P—
\®)
~J
%
N
S
W
%
W
(9]
\O
S
S
N
3
N

R

PR-R G & > & FLUENT #c#2- 8 2 inid T 14 2 G & i
2 GEZESEAN 5 1.27m/s (G=4501 s)+4.03 m/s (G=16514s")
2 594 m/s (G=22802s") o 2wzt B 4oithr D #75% o

T oh s RHRR SR TR R Y e § A RIS 1 R R R
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FU RS R BRI R AR R IER R A R R

Bz EoRS PR TR G R PRER B R E R L 2 B
PDA 4 7 R 3E

KGRI W PR R REPIR 2 RIEFRA R Sk
FEMR L o B IF R R B8R L LED - #8978 I oo
o k(L& 820 nm)pR 5t o BB ST MEAE (] (9 3mm’) 5§ R

B BB BER LY MTANE § 7 SR 6 R MR

ERFRZERRFAFH T E RN ED - FAaOE K- A
PO R] > 34 5 R = AR g % R DT B R Bl e gy R R
#4E7 - A E R R & (dec component) » 4p F 3L 359 F iF kg

R(frRFra Ay M)y T2 =By | ¥ dH & (ac
component) > A8 % >t F iH K ag AR 1L 0 Fd NIk B RS RS
“rig = o PDA #-ipd kg RARPH I T E 2 6 O3 RE
(root-mean-square, rms) K 2 77 > #t B TR B S E - B rms-to-de g
HE o #E j ¢ fﬁfﬁfrﬁ;ﬁ%gm%ﬁﬂi’a—% FRiEpg 5 @ ms B
dc & 4p f%é » # 1 - B rms/dc mﬁk] d1 i (Ratio) » Ratio & ¥ - % &

¥ #tdp #ic(flocculation index, FI) » ¥ 5 Rk ¢ dpi R A2 R 2 4p

Kan et al., 1998
1 ( ) &
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Fri REREHE

4o - }\ﬁ;}_; Lﬁ-l}%,i):_/a:yj\i%xi 7]’1-:'},‘—377}‘/%

Boif de B AE T PR 3R HR G

o
(w
£
™
S
H\
bt
-:é.g\;
R
s\.t.
F_w.

B2 R R R L AT YRR E Y R

BAABAVIREPIRE TR AL G E o IEHRET BT

4-1 f?-..ﬁ/w/}{’j?"g H| g

Peil 3 B e » R GEA] § PR RURE I R A 6 B 1 A AR 6 T
o5

EX B -2 S FEulip: B B SIS R L N R SRR S b RS
Flot o REAE 7 WL A R 2 RGBS Hped BRAR L

S GRGRE A RRERIR Br L o RN A R T RES
T AR R AR R R o REREE S R EAR R
Mg RER X AR R e A i 21 % Al(OH);

PR R S B e - R 3 RIR TS R AR R

|k
by
E
v
0y

j\x;ﬁ;i‘g“]’;ﬂ_;ﬁ-ﬂv]\i%‘%jcﬁ’*ﬂ,i%‘} 1S Rk }’fvfld—?}ﬁdﬂi’ﬁvé%
PR R (PGB R tE X R F e LR N R R R

koo B PR B RIR KR 7 R 1) SRR RS R
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REURKE o L RS Jﬂz/» i P BRE R AR 4-1 T > FERE

o R RER TR B e R I LR A T R
ALF N L IRBR Bk T Tae o

FHgoZ RE L p RARITEET RECFR LR R

Bl 4-2()7 § &1 > ATH KR YRR H G )

’}\/’El /);iﬂé*: ’ Klti%’/ﬂ‘* });’iét %f?’?ﬂﬁfﬁﬁﬁ ’ er'li"j'},@—L T is b B R é&/% B

-~

LA A EE S ER R ERATE S AOH) A

EROR IS L RRASEREZ D T R AR RHE P E R
£

Pl > 377 K3 R E 5 I mg/Las Al » @ 2 R K3 Bif 2 H
F0 5 1.75mg/LasAl » a3 5 RokKE R LB » 377 K353 2R

KB RRAMET 2R RRBREFE WG LR BHRApio o
B 4-2(b) ¥

B HATA RS SR RAE S 1.5 mg/LasAly A ¥Rk
B R A E 5 2mg/LasAl e

Foobo Bt Z kAT BR }\/%)i—r7§&_.§/w/}{”'ﬂ BIRHF
i he L GEAE R (R DT ER bR R T S K
v e BRI R TR R Rtk 2 b AR MR Rk

,T/J s /*bﬂ’*ﬂlf&lfﬁ HEE o
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Residual Turbidity (NTU)

12

Time (min)

T
—O0— "? j%—t}i\_lﬂ,
10
8
6
4t
2L
0 L L L L
0 5 10 15 20

B 4-1 FLr Bl 2 F 3 PR (8 BT KA ik Ep /Y

P RIR AR R g
vk F(R-KE R CSTNTUS 3 35-# 2
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1.3 mg/L as Al)




14

(a) -k

=
N

=
o

Residual Turbidity (NTU)

optimal

—e— 7% k3 (20 NTU)
—o— ¥ R-k3#F (15NTU)

4 -

2 -

0 | | | | |

0 1 2 3 4 5 6

Dosage (mg/L as Al)
150
(b) % F-K —8— 37+ k3 (150 NTU)
—O0— ¥ R-k3F (200 NTU)

~ 100
-
-
Z
., 50F
S
=
b
= .
= 4L optimal
T; optimal
= 37
S
~

2 -

1 | | | |

0 2 4 6 8 10
Dosage (mg/L as Al)

Bl 4-2 (a)§ & -k (b)® § &K

. e P Je L . 24 % Y, “w . y
ME SR BRI P ERARARY R R
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42 PR R BRI H R R R T I YA 2 B 5B

MG AR G R SR TR iR 2 P R R s
BRAmAR R A DOC F ERiE R R TFEER *ifﬁiiﬁﬁ?
T 15 'Hj F‘J‘Pm} /»b 53&&‘]’/»5 B/S’\iq #‘3— I"}( #j‘}; ;/’]"_,{“( Al E%j
BRI w A F) 2 B MRS R ROKE AT 2 PR 2

%
W

ok R I 4 R PR AT

BAGFRL A ERKSHEERE cHhR G B7 KRR
AR R G BOTRS GRS R F TG T 3 ] R

R0 K PR (60 £)) 0 4 a”fﬁﬁwwhéﬁ%%’%“%-
NG ERAPIBE I ERREE R 2 2 £ - §l 4-4(a)
B oo oA A2 M r PR Gl R e n B 0 A 2 ROKEE

AEFRE1S5F) % RoAREREE K9 3R > H PR GE
FOESNARRAR R ) S < B33 o do ] 4-4(b) 0 BB BRI T g PR
G Esisem 4 % FRKFABE  RELR G ERFHT H
UTES: ¢ EIR NP SUER: £ 4 R SR P i
}i(Kanetal., 2002) fed arog e %L.J&Jirﬁ » R AP AR S RN ST
RIRPER GERE? X > 2 G B FRILE @MY pp, 7
FUard £ oo - a3 o RN KA A AR R AR
ﬁﬁ“f%wk*f%‘;’ﬁﬁm;i&M%ﬁha&#giq%’ﬂ“’q%
PokEE R RRFR RIS EER GEZEFRRI R

B

31



4-2-2 P-RBREFRIRRZEPE
pU b 2 EORBERL 8 B RS E R ACERE S R PR iR T A
Ay 2. PR FEM AR > AT RFPI S REER G EH4Aen ¥R
4-5(2) > KA > BRKFEBILB R E PR G EREG 7
4-5(b)) o d IR R A R AP P E T 4 <] 2 ERES ET
FE (Bache etal., 1997) | *‘%ﬁ e B G B ;}&.J R /f{g;, .,ts ;F, ‘}ﬂ 7 TR "f‘fﬁ _3 (Langer and
Klute, 1993 : Gregory, 1996 : Tseng et al., 1998) " 3 _i,—‘Fﬂﬁ-zJ-ﬁti‘a v s % s F) % R
RBRRPER A P R ARIR G B e ) AR e R AR
. ,ﬁ # % ﬁk‘ggﬁ TBNL ST T»K(Lmetal 1989) | T 58 A SR
AT KRG TA E S RN ERE e [ BRSO
1992) vy bz P FE R 6 R ARALRIE R S X RIS R H G o
Mmgﬁmxw—wﬁz WRR LA EFE o d LT Y
7+

Joo Kk B33 ‘J-*# By Gfﬁgg}?}@%@

=

WRATT RS S P RAKFL IR R AT FIR o gwm Rk R
Mo R ROK B2 W33 58 R T IRATHRSRZ VL3 55 R 58 0 32 AT Y dp )
PR RAEI T AR ARFZ BN oo A58 2 Wl
A ol BT RABATO K A e B EE T R e
5 %ﬁ“ﬁ TP JeiTt o R R B IR ACUH R B 18 4] (diffusion limit
(Ehmelech etal., 1995) I T

aggregation, DLA) 5 1 » %k pidg o

£ 12 cluster-cluster aggregation -3 B & - #74) = 2. 33 B REHT

\a

W33 5k K 33 0 B3
BRI G EH AR R o AP YRR Ak 4 F
BT oER A G TR AR R & ok ReR IR Bl
fdwm FiE ST RIS R ;{gd A e BV ) & QUL S -

Aom R REAREE R R 184 (reaction limit aggregation,

1}#@; 3 et 4T G FI?%" PR AT T R HR I3



RLA)% o (Flimelechetal, 1999, v w33 3 & v cluster-particle aggregation #-

Foobo kB L PR TIEET 2 R AME T H B
Bl P EREREERSHL LG K E T 2 M AR 4-6 47
TR B RS W N A RTE RS YRk A R e F T
it AR R PR A G TR B RCKE R R MO AT
J\g‘l__ﬁxiﬂrﬁfﬁ{l T.ﬂ-&ﬁiﬁf_% W éﬁik}_"b ]4 d ‘ff'g\,h’ A f‘%}ﬁ’k

Bt b e EERT O PR GRAG THF . D 0

R2ZRABH R fora R RKSRIAK Y uuﬁka‘ﬂv‘f‘%  ¥:3
4ok 4-1 o

4-2-3 iR B HBRP L w2

T NG E RE L AR RS Rk F R
EARRA 0 - a0 B ARG AR IR KR T 4 Fr s
Fris Hpss & e 4 2 RS R H 2 G TR

3R~ R EA ALY L v SR o el TATH RS

—_\\
G

=
N

(w
a
NY

RAEER G B4 n $5 0 SRABEYBL AT TR G &
Htem 2 (B 4-72) - @ HER KSR T WHERLER G LR

_E:
B g - gk »T}T? e AR wE AR GO g R R A
St € 0 RRERUE MR YR FERE G EH e E S
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4-7(b)) > P B & L kB ALA T 2 4EH o

RFT G R A A TR S KR 5 R S R v 4L 2 I
o 4ol 4-8(a) 0 HEHTA K LI APMAL > § Pl AR > BIA
RS w R ARG 0 n W RRE ST B E L A &R
4-8(b)* TR I R B RPN TR FE L A APM I o

BT EFREET o0 23 PERBEFRT PR 5 R R IR

/%fi—i Vf“i-ﬂc LLS 4 B s

& \
-
>
T
piul
Q
=
1]
pof
<
e
~my
-\_\_
\ 3«
)
e

g o AR BRI AL KR o AR
R 1Y) Y 2 ¥ s L IE R TR A ESE G B & T 4o

2 i wt 3%
M 2 I E 2 4 S F R G R GG

— Bif Gt EHF 9 4 309x10%~ 12X10° 2 F > 42 91 e FIpF - 3 4
PR G EF A HERAFESFRPE T AFTHRT R

.

AT T S YR B RBEEAAR D LR G B BPRR
F AR A A7 PR GUET 2B 5 R Bk B A
0.52~0.82 2 ¥ » £riF 3 A 47 A Je Rl i & T 2 M3 ag & ¥ Bk % 4

i3 fﬁﬁﬁf%\m"ﬁ BF o AL SRR Mg KRR B

qé‘)io

\»‘;
\é—l

5

34



(a) RS —e— 20NTU
—eo— 150 NTU

Residual Turbidity (NTU)

Residual Turbidity (NTU)

O 1 1 1 1 1

0 200 400 600 800 1000 1200

Velocity Gradient sh
5
—&— 200 NTU

4 -
3 -
2 - 4
1 | | | |

0 200 400 600 800 1000 1200

Velocity Gradient (s™)
B4-3 2 F Rk RTERBREHRTS Y ERRAPERZBY
(a) X7+ KB(F B RE TG E 1508 5t :605)
(b) 2 R-KH(FHLREFTGE 5605 5t E:155)

35



Floc Size dg, (um)

Floc Size dgy (um)

375

350

325

300

275

250

225

200

175

150

250

225

200

175

150

Velocity Gradient (s™)
Bl4-4 2 F R-K§ R T ERBRERIRIT2 P

(a) 377 K B(FHPE-REFTGE 1505 5t E :605)
(b) R kB (FH L RFETGE 5605 5tiE :155)

36

(a) 35+ K3 —e— 20NTU
I —o— 150 NTU
0 200 400 600 800 1000 1200
Velocity Gradient s
—a— 200 NTU
0 200 400 600 800 1000 1200



Floc Strength Constant (y)

Floc Strength Constant (y)

0.90

0.80

0.70

0.60

0.50

0.90

0.80

0.70

0.60

0.50

Velocity Gradient (s™)
Bl 4-5 2 R-K§RTERRREBIRE 2P

(a) 377 K B(FHPE-REFTGE 1505 5t E :605)
(b) R kB (FH L RFETGE 5605 5tiE :155)

37

(a) %‘?‘ 44 ,J(ii_ —— 20 NTU
—o— 150 NTU
0 200 400 600 800 1000 1200
Velocity Gradient s
—a— 200 NTU
0 200 400 600 800 1000 1200



20

|
(a) =gk | o #7% k3 (20 NTU)
—_ : O ¥ -k (15 NTU)
= |
15 + |
Z |
~ |
:
=
2 10t ?
= o
= |
_g I
.; 5 | : o)
] °
o | o o . °
| o O
[
® :o o ¢ o
0 | (] | | |
-10 -5 0 5 10 15 20
Zeta Potential (mV)
20 I
(b) ® 3§k I B 354k (150 NTU)
—_ : o 2Rk k3% (200 NTU)
= |
15 |
Z |
|
z |
= :
oy 0O
L 10} |
=) |
2 :
= |
= |
= 5 !
@ i |
%) O O
= : oOm
[ | E | om
LI - By O
|
0 | | | 1 | | |
-20 15 10 -5 0 5 10 15 20
Zeta Potential (mV)

B 4-6 () <5 & -k (b)) 3§ A&k

PR RAFETHBEL ARG REERSIEL e FET 22 MR

38



41 $ % k3 RORREEGE A E R RS

L hE - ERSF

042 2 BN W R ¥ Kk

R ieg L A PR R ¥ ik 2
SR L £ | 020055 | Leentvaaretal,
1983
. Bache et al.
Al-h w33 4 o 4450 )
e & SR8 1999 (2001)
Al-kaolin "% 33 ERdE | 043 ~0.61 Francois et al.,
1987
IERNAE L 2 PACI | 0.52~0.82 ATy

39



Recovery Factor (%)

Recovery Factor (%)

70

(a) %q.;,:, ,ki} —e— 20 NTU
—o— 150 NTU
60
| /
| /.
30 1 1 1 1 1
0 200 400 600 800 1000 1200
Velocity Gradient sh
60
(b) %%Zﬁ 4:*%_ —a— ]f;PJTWJ
—a— 200 NTU
50
40 b
20 1 1 1 1
0 200 400 600 800 1000 1200
Velocity Gradient s
Bl 4-7 2 ROkl BT PR R SRR w4 K2 AR
(a) F77 KB(F B P RFE TG E 1505 E‘. 60 s)
(b) &R ok3(F H PR TG E 560 s‘1 ;& 155s)

40



Recovery Factor (%)

Recovery Factor (%)

55

e 20 NTU
® 150 NTU
50
45 -
40 +
35
(a) 274 K&
30 | | | | | |
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85
Floc Strength Constant (y)
45
m 15NTU
® 200 NTU
40
‘ [
CLy ]
35 m
]
[ mE
30 m o
] ol "
=]
25 m
]
]
"
|
]
20 | -
(b) 2 R-k3
15 | | | |
0.45 0.50 0.55 0.60 0.65 0.70

Floc Strength Constant (y)

Bl4-8 7 fo B ki§ BT W3 E B B BRI w4 2 M
(@) #T# KRBE(FHPERFFGE 1505 5t & :605s)
¥IEGE 15605 5t :155s)

(b) % Rk H(F 3poim

41



4-2-4 PR BERITIS B RAADOC 2 B

d B 49T F AT ERKF LGRS FEET > BB RK

HER M R L ERAPLDOC FRERR G ER A *E T BN o

- AT R GRS R AT AR R A ST AR
GOAEY O H 2 otk bk B F 2N R § IR
FEMMAR . 3G b2 poed L o d 3 DOC &R jEE 8 2l

A g BRIk RS MR T LR o RS ST 84
2H AP F B P AR RE o TEAR AR R B LR
FRRRY ML FEY AIOH) B3 -tk g 0 7 & L DOC
E 24k AL(OH); 33w s g O 200 o s R G B W R
A SRR A B4 E W DOCH S 2 18 ¢ > %2 DOC 3 f842
3§ 412 AIOH)s 3 3321 DOC R (75 -l 74 15 % o e

W (=0

B G BB B R ¢ A AI(OH); B2 32 20 4 = % i< DOC 2 ",% oo

Foh ol R R AT kS 28 Rk 3 DOC 2 4tk
i G B P ARE AR I o B PR £ e 0t DOC 3 k2 B85
Lo BEERCK A E G BRI T e B I 4 %
P bl B e PR SR PTG BT R RILT 8
IR epA G BE AT RIEG P ED R TR

2 BN TR 2 W33 A F anpE O 4ROR RS 52 NOM F R chps Y iR
s T TRERR SRR EE G BP0 R
FoOHIBPIGLIRTAT 2 LR L ERFINYN DR B EA
pah (Yan et al. 2009)

d 7 e DOC 22 %% - Boif Gt @41 > 943 6x10" ~
4871072 B » R RE 40 R 2 Bl GtE PR - ke L2

p= ;ﬁ % B 7}5 0 (Ebie and Azuma, 2002)

42



1.8

(a) 37+ k3 —eo— 20 NTU
—e— 150 NTU
16
-~ —_
=
el
S 14
A
O
2 12|
=
=
T 10f
n
]
e
0.8
06 | | | | |
0 200 400 600 800 1000 1200
Velocity Gradient (s
2.4
22 | —a— 200 NTU

20

18 |

14 F

12 |

Residual DOC (mg/L)

08 1 1 1 1 1
0 200 400 600 800 1000 1200

Velocity Gradient shH
Bl 4-9 7 -k BT R RIRTE P ERAAALDOC 2 B2 F
(a) #7% K B(F H PR % TG e 150s" 5t & : 605)
(b) ¥ R-KH(FHLREFTGE 5605 5t 155)

43



4-2-5 HRBRERITE P ERERELEF

Eal
=
I
k.
()
-m .,
=
S
_‘\‘\
AN
>
o
S
W
b
=
‘7\1—.
(v
e
F}.
gt
O~
[
\J‘ﬁt
S
=
-

BEmBREREBHORTES I EREREFEPRBEER Sl - 2 F

o e RRFR R AR G

Mo—dmZ B ERASF ZELLEEE Y B RE R

Flg o Flt o RARBRME Y EREREZLSFERPLFRAIELR G

2 B FAR AR I o gt P ERARG R E R CBIRERL

LR STI BB o ARm » $30 375 K2 R h-k8ga 2 > B4 A K
S

7

peul
—

&)

2
|

A

TI B gr3t it ia0g KR pe e b g% STLE > 2R 7 &

% NN
v - (B

~.

FlR-RE R Mo RF SpR st s R AR S M s R 2 JEL [
A b ARRp R B P p g R ERRITS Y ERA TR G
R A R PR B R o R R AL 0 - @ FiER
BEPR G Bz BRI % RKERFFE  J 33
FTATF R o P RERFEIARI R R I BRA TR ) ke ¥ -
P TR AR R B B R AR < gk 0 il
P e BRI )N R4 0 LB A BIRPT 0 [ AR BIFE o 7
B R ITTE F EIR B RIEERAF 0 4 R PR G R B
d PR REET o RORRITE P ERERIEZ B R
B£PiR G Gz B P485 7 - ki £ 2§ RokRME - FER
HWREX PR G EZRZEFEZPE PR GET 3 scdk

44



10

(a) 374 kB —e— 20 NTU
9+ —o— 150 NTU
8 -
7 -
— O
=
©noo |
4 -
3 -
2t e 5
1 o —9- - ¢ — ¥
0 200 400 600 800 1000 1200
Velocity Gradient sh
10
9 —&— 200 NTU
8 -
7 | T —_
— O
ot
©no|
4 -
3 -
2 -
1 1 1 1 1 1
0 200 400 600 800 1000 1200

Velocity Gradient (s™)

B 4-10 7 Fe Fok§ R T ER SRR P EREREL P
(a) 37+ KB (F H PR TG E 1505 5 tiE : 605)
(b) 2 R-KH(FHLREFTGE 5605 5t 155)

45



Jat(STI) ~ B33+ o] 2 1+ B4 DOC » 29 5% 5% 4o
4-3-1 BREGEHRTEIBRALGRZ FiRE2 BT

4o B 4-11~4-12 #7571 > % ¥ %2 k3R -K§ B % € 20 NTU =
554NTU > I 82 R tdp b R8I £ 7T o F PR 04

F_&
bl
=

EEA R ERERFGETEEE GEY L 45018~ 165145
22802 s) R AL AR d Gl T AMERETE o LR
RRAY PR A FREEINRER N R B
AR FCE TN 0 X R TR S v B
4-13~4-14 4777 > BRI PUE € LB IR G BT X MFR B 4 0 G FIY
B w2k o BHRAEFLAC E2F 0 L EiR 2 Bt
Fa 1 STI 7% 53 T % (4ol 4-15~4-16) > % % HiGjpirde = > @ 2 0
ARFT 2 €T ROKG AR A o PR FILETF RN G ER
Bl AERAPREE AEFE N T oos JUR R B AR

ZLREFE AT o F BRI R 0 SRR R BB 2 R B
¥ B & 8% B A & (cluster-cluster aggregation) » ¥ # & % #3135 7]

EALE o R RS2 G RIETEF RS 0 S B 2 R

*El . (Byun et al., 2005)

-

46



—e— 20 NTU (Dosage = 20 mg/L)
-0 24 NTU (Dosage = 20 mg/L)

Residual Turbidity (NTU)

0 5000 10000 15000 20000 25000

Velocity Gradient (s'l)
Fl4-11 3 F ROkl B8 G @ SRS 8 A %l AL
(«T‘rrl ES % /i J\}"ﬁ" 'ﬁ }f‘}; /»aj’& (k3 G 1 IE’ 150 s )

5
\ —&—— 554 NTU (Dosage = 50 mg/L)
Q\\ -------- O 271 NTU (Dosage = 45 mg/L)
45 \\ ——v%—— 98 NTU (Dosage = 22 mg/L)
2o\ ——-— 37 NTU (Dosage = 20 mg/L)

Residual Turbidity (NTU)

0 5000 10000 15000 20000 25000

Velocity Gradient (s'l)

Bl 4-12 * F k J\/% BT3B GEHR S /ﬁ_;l’?;&%/% B2 M
(LR % - k8 FHPREFGE 56057

47



FI

FI

12

10

—e— 20 NTU (Dosage = 20 mg/L)
-0 24 NTU (Dosage = 20 mg/L)

5000 10000 15000 20000 25000

Velocity Gradient s
Fl4-13 3 R BT & GEafgipms B
(37+ § - OB R LT G B 15087

—&—— 554 NTU (Dosage = 50 mg/L)
-------- O 271 NTU (Dosage = 45 mg/L)

——v%—— 98 NTU (Dosage = 22 mg/L)
—=&—- 37 NTU (Dosage = 20 mg/L)
.0

5000 10000 15000 20000 25000

Velocity Gradient (s'l)
Bl 4-14 2 R-KB AT F2& G EHBI 2 FE
RS FHERETGE 56087

48



STI

4.0

3.5

1.0

—e— 20 NTU (Dosage = 20 mg/L)
..... o 24 NTU (Dosage =20 mg/L)

5000 10000 15000 20000 25000

Velocity Gradient (s'l)

Bl 4-15 7 F R-ki§ BT B GREMRTE R REREL PE

STI

(R % = R R SRk (06 & 0 15057

—&—— 554 NTU (Dosage = 50 mg/L)
-------- O 271 NTU (Dosage = 45 mg/L)
§\\ ——v%—— 98 NTU (Dosage = 22 mg/L)
\ A\ ——=2—- 37 NTU (Dosage = 20 mg/L)
VN
Vo
\ \\
\
L >
~ /
\ \\\ //
\ NG %
\ \\\\ //
\\ /
\\ \\\\ , J
: v
P A p— A
Qe B A —f
5000 10000 15000 20000 25000

Velocity Gradient (s'l)

B 4-167 R kB BT Bd G EHRITEF FiRrERIEL B R

(B R - % k8 FEPRE TG E 56087

49



4-3-2 B G EHRITE Y FRA4HDOC 2 P 5

4Bl 4-17~4-18 #771 » & % K3 ngg HEd GERTE &
HROKHRF M P ERAKLDOCHER G BRIl S AR T

FER A K R B R R 2 DOC ﬁ"k"n‘#ﬂ?f fe% %
DOC z_ 3 K;rt # xR ggfgg(Yanetal ,2009) a4 PR G ,f—gwrs B4 3 4R 2l
Rk fEATR o B RER AL A F 0 G JINEE kRS A B2
BEF o T BRGRIEET 253 Rk 28 T R AR K R R
4k DOC» d 47 soffd B R G B7 TR S S B R 2 p e

50



3.6
—o— 20 NTU (Dosage =20 mg/L)

3.4 |
..... 0 24 NTU (Dosage = 20 mg/L)

28

26

Residual DOC (mg/L)

208

18

1.6 | | | |
0 5000 10000 15000 20000 25000

Velocity Gradient (s'l)
]%] 4-17 * & R ’}4 /% }i—r B ?f G 1 IE' ﬁ'/w e 19 /E‘il’? 5%«’%5}DOC 4 f§‘3
(%ﬁ-ﬂ—%%ﬁ:/;ﬁ’}(i%"?ii_}} /,b#ﬁlfGlE’ ISOS)

3.6
aal —8— 554 NTU (Dosage = 50 mg/L)
E O 271 NTU (Dosage = 45 mg/L)

~ 32 r ——v%—— 98 NTU (Dosage =22 mg/L)
=0 30 ——2-—- 37 NTU (Dosage = 20 mg/L)
£
N’
@)
Q
o
=
=
=
7]
>
a2

1.8

16 | | | |

0 5000 10000 15000 20000 25000

Velocity Gradient (s'l)
Bl 4-18 2 F R-KA RT3 G EHR TS /E.hi’f&’%}DOC7 ’gg_g
(ZR¥ -2k FHERETGE 5605

51



5-1

>
»

4
Fs
<9F
-%4;
\\-‘:E_
-
B

B
HA4ckR GEVHAFRILF G - i Gt & g%%](9><104~
1.2x10%) > 42 I F FIPF > H 4Pl G B F & { 4eid MBI LA
AAURR AL FRP AR FIFER -

*—'r\

B4R G a2 DOC 2 4 %+ etk F - B iR Gt @ )
(6x10°~4.8x10°) 2 f# Fldd 4§ & 2 B if Gt EHFF~ -

TS fof ] T AR 2 s R S kT 4 (T B R
GEFHRAVNLBREPFRGL T RG A FF TApMILF 2o
Rl SRR S T AT S

B RLER G ERTIRE IR LRSI r R IR G E

ESe
uml
:ﬁ
=
;‘i
&
D=3
Wi

=
BF
o
B
[N
|~
i
X
&
=
TE
b
I
Pl
C)
( N\
’“&lﬁ
*B*
5"“
'%‘:
e
“ﬂ'_\‘l
ﬁ

52



AT R 2 KB T RJE MY oK (20 NTU) 2 % % -k (150 NTU)
o 30F R S B2 2 0 ROKR IR (T L R m

G E o BT RS IRARE IR R HR IS gt A7 T
R GEFIFEET O REAFE LTV EIRR L

SR LR SRR TR 2 R B2 )

B = ERHR T EIE M -K(I5NTU) 2 % 7% k(200 NTU)
H

i
P H PR G ﬁ@@mﬁigms £ 1000 s > v 2R

3 iE ik (Tt T %’ﬁ DR GBI o
ERORFT F g PR T AR AT A TR Rk R R

PR uém&JL%Mmaﬁ&£%°

53



54 < e

Amirtharajah, A. and Mills, K. M. (1982) Rapid-mix design for mechanism of alum
coagulation. J. Am. Water Works Assoc. 74, 210-216.

Bache, D. H., Johnson, C., McGilligan, J. F. and Rasool, E. (1997) A conceptual view
of floc structure in the sweep floc domain. Wat. Sci. Tech. 36(4), 49-56.

Berka, M. and Rice, J. A. (2005) Relation between aggregation kinetics and the
structure of kaolinite aggregates.Langmuir 21, 1223-1229.

Byun, S., Oh, J., and Lee, B. Y. (2005) Improvement of coagulation efficiency using
instantaneous flash mixer (IFM) for water treatment. Colloid Surfaces A 1-3, 104-110.

Ebie, K. and Azuma, Y. (2002) Reducing turbidity and coagulant residue in treated
water through optimization of rapidiumix condition: Water Supp. 2 5-6, 103-110.

Ebie, K., Kawaguchi, T., and Yamaguchi, D. (2006) Dynamic analysis of coagulation
of low turbidity water sources using Al- and Fe-based coagulants. Wat. Sci. Tech.

53(6), 67-74.

Elimelech, M., Gregory, J., Jia, X. and Williams, R. A. (1995) Particle Deposition and
Aggregation: Measurement, Modeling and-Simulation. Butterworth-Heinemann Ltd.,

Oxford.

Gregory, J. (1996) Polymer adsorption and flocculation. In Industrial Water Soluble
Polymers. Ed. by Finch, C. A. Royal Society of Chemistry, London, 62-75.

Ives, K. J. (1978) The Scientific Basis of Flocculation. The Netherlands: Alphenvan
der Rijn.

Jarvis, P., Jefferson, B., Gregory, J. and Parsons, S. A. (2005) A review of floc
strength and breakage. Water Res. 39, 3121-3137.

Kan, C. C. and Huang, C. P. (1998) Coagulation monitoring in surface water

treatment facilities. Wat. Sci. Tech. 38(3), 237-244.

Kan, C. C., Huang, C. P. and Pan, J. R. (2002) Coagulation of high turbidity water: the
effects of rapid mixing. Water Supp. 51.2, 77-85.

54



Kan, C. C., Huang, C. P. and Pan, J. R. (2002) Time requirement for rapid mixing in
coagulation. Colloid Surface A 203, 1-9.

Kawamura, S. (2002) Design of basic treatment process units. In Integrated Design
and Operation of Water Treatment Facilities. John Wiley and Sons, New York,
59-336.

Kevin, H., Thomas, L., and Young, C. T. (1998) The significance of G in flocculation.
Water Res. 32, 2660-2668.

Langer, S. J. and Klute, R. (1993) Rapid mixing in sludge conditioning with polymer.
Wat. Sci. Tech. 28(1), 233-242.

Li, T., Zhu, Z., Wang, D. S., Yao, C. H. and Tang, H. X. (2006) Characterization of
floc size, strength and structure under various coagulation mechanisms. Pow. Tech.

168, 104-110.

Lin, J. L., Huang, C. P., Chin, C. M: and Pan, J. R. (2008) Coagulation dynamics of
fractal flocs induced by enmeshment and electrostatic path mechanisms. Water Res.

42, 4457-4466.

Lin, M. Y., Lindsay, H. M., Weitz, D. A.;Ball, R. C.; Klein, R. and Meakin, P. (1989)
Universality in colloid aggregation. Nature 339, 360-362.

McCurdy, K., Carlson, K. and" Gregory, D.~(2004) Floc morphology and cyclic
shearing recovery: comparison of alum and polyaluminium chloride coaulants. Water

Res. 38, 486-494.

Mhaisalkar, V. A., Paramasivam, R., and Bhole A. G. (1991) Optimizing physical
parameters of rapid mix design for coagulation-flocculation of turbid waters. Water

Res. 25, 43-52.

Monk, R.G. D. and Trussell, R. R. (1991) Design of mixers for water treatment plants:
rapid mixing and flocculators. Mixing in coagulation and flocculation. AWWA

Research Foundation, Denver, Colorado.
Oldsue, J. Y. (1983) Fluid Mixing Technology. McGraw-Hill, New York.

Oles, V. (1992) Shear-induced aggregation and breakup of polystyrene late particles. J.
Colloid Interface Sci. 154, 351-358.

55



Park, N. S., Park, H. and Kim, J. S. (2003) Examining the effect of hydraulic
turbulence in a rapid mixer on turbidity removal with CFD simulation and PIV

analysis. Water Supp. 52.2, 95-108.

Park, S. M., Jun, H. B., Jung, M. S. and Koo, H. M. (2006) Effects of velocity
gradient and mixing time on particle growth in a rapid mixing tank. Wat. Sci. Tech.

53(7), 95-102.

Reynolds, T. D. and Richards, P. A. (1996) Coagulation and flocculation. Unit
Operation and Processes in Environmental Engineering. PWS Publish Company

Press, 166-218.

Tseng, T., Segal, B. and Edward, M. (1998) Maintaining effective turbidity removal
during runoff events, In Proceedings of AWWA Annual Conference. Dallas, Texas.,

21-25.

Vrale, L. and Jordan, R. M. (1971) Rapid mixing in water treatment. J. Am. Water
Works Assoc. 63, 52-58.

Wang, D. S., Sun, W., Xu, Y Tang, H. X. and Gregory,'J. (2004) Speciation stability
of inorganic polymer flocculant-PACL. Colloid Surface A243, 1-10.

Wiesner, M. R. and Klute, R. (1998) Properties and measurements of particulate
contaminants in water. Treatment. Process Selection for Particle Removal. Ed. by

Mcewen J. B., AWWAREF, 35-72.

Sung, S. S., Ju, S. P, Hsu, C., Mujumdar, A. S. and Lee, D. J. (2008) Floc strength
evaluation at alternative shearing with presence of natural organic matters. Drying

Tech. 26, 996-1001.

Yu, J. F., Wang, D. S., Ge, X. P, Yan, M. Q. and Yang, M. (2006) Flocculation of
kalion particles by two typical polyelectrolytes: A comparative study on the kinetics

and floc structures. Colloid Surfaces A 290 288-294.

Yan, M. Q., Wang, D. S., Ni, J. R., Qu, J. H., Chow, C. W. K. and Liu, H. L. (2008)
Mechanism of natural organic matter removal by polyaluminum chloride: Effect of

coagulant particle size and hydrolysis kinetics. Water Res. 42, 3361-3370.

Yan, M. Q., Liu, H., Wang, D. S., Ni, J. and Qu, J. (2009) Natural organic matter
removal by coagulation: effect of kinetics and hydraulic power. Wat. Sci. Tech. 9(1),

21-30.

56



Yukselen, M. A. and Gregory, J. (2004) The effect of rapid mixing on the break-up
and re-formation of flocs. Chem Technol Biotechnol 79, 782-788.

Yukselen, M. A. and Gregory, J. (2004) The reversibility of floc breakage. Int. J.
Miner. Process. 73(2-4), 251-259.

HER § I ERRRZERFE TSI 2 BRNERERS B0 R
2REAERH IS T Lk 02002 -

HEBE R B FF 0 9 B RRIE BpFE2 T 02008 K F R E A
e AP 52008

FIRF R 2 MR TR %I 2RI R+ F 5

B 1 4254 ;L“ ».«'Lj-;ﬁ:l_g{f‘n?' » 2008 °

57



PRI SR E S § 2 R ITENE < Bt 2 SRS Y
2 PR N - SRR R R 2 BV AT 4 5 248 i
5 5% - i (propellers)~ i # # ¥ (turbine impellers)” 2 ¥ 5 # ¥ (paddle
impellers) « 5% # FA ¥ 52 2~3 # » AB T AaBE L2 L8 4
HE P LA PR e A 2 phe ko B
400 ~ 1750 rp ?&«ﬁ%ﬁﬁu%ﬁiﬁ = ’/]5%%§7E;i#m
30 ~50%P-R# B S R R #EE i 5 10~ 150rpm ; ¥
PEEENG 2~4BE o FEE L 50~80% R e B
R 5 20 ~ 150 pm@Om AR 196 g gk gg g o 1
FPEEZA > FIEEARP IS A A L RA DT E R ET
o HPGR G P d (D8 & Q)58 1o

G= |2 (1)
PP SARE LT p S L B(w)iu B 4 ARF Tii(kg/m-
sec) ; V% R & kA4 (m’) -

G= =5 @)

R CLMEGREALETGHAM) v R A BT 2 L R (M) )
B AR RBc(m/s) s VLR &R BF (M) .

gh‘i

58



KENREEPENRLEZ - o2 I AR R £ 4 2
Ron g 2 S I AR ARE SRR A 4 kR FRE R 38
SRR R P2 F o B (iR i) ;ﬁ e S U E=E IR O o NS - = RS-
e — ALEORBOREES 4 Bk E K RE Dk E 2 A A 4o
2-1 #75p AR R R SRR e kg - ok EAL AR
WAcEd Gl S RPTERE R 7
RERERFd S BHA e He
P2 GEP . F AR RE(TERE) 7 d Q)N RE - F ok
BAE RV B3R 5 OKEE® o ff k5 OKEE(T3KIR) o (@) AT o
AoREERNRE GETT I Q)N E KE .

O=184xLxH” 3)
2P QL B@/S)IL AR (m)H AR RE A T K E(m)e
V=AxH (4)

RV REAF B kBAM) A AF BEG A H ¥R KR

T 5.k % (m) o

G:\/pxngxAH (5)

y714
XepLipMwAE(Kkgm)ig SES e RS 0 ME kR
(m’/s) s H Sid-kz-kizZ(m):p 54 26 adie(kg/m - sec) s V
K& F ook M (m)
Peo R AR PR ORI L AR L > ACREE R &0 o2 WL
% ;}égfﬁ;]%jﬁ:j‘rlﬁ,é@ﬁ; 0



Iz
o
b
o
%
Y
b
s
b

KB FOER T AL R A 5

v
23
+

¥
™

PR R S RSE R F 2 RS S KT R T L
BEE )2 FlF o W AP T E R R RR B A Tl
K-S H B E e 25~ 30%2. 8 A %ﬁ“éi'}iﬁi&i%%iﬁﬁﬂ Y
FEF i k2 RE o Tt B R E2 3 N Tgkded s B YRS RN

= Kapp xn’ (6)

30 dTur/dt SAPRFREPER R R 2 E S Kapp SRR E 5
gt ' 7:; K d /Q }i(Vrale and Jordan, 1971) | %"a}i‘/ﬂ, 2% }iﬁﬁhj ;\:‘L E3) .}Fu ‘E-_/%‘}\g:

60



@ —$ ’@ ‘]‘#(Mhaisalkaretal., 1991) | ,,‘E'_ '}-}:—‘}w—- G i d (7);\1 ‘}\%E' o

G Cd.a.v3.7 (7)
2g-u-V

AP G W a RAES Gy R BRI Sy Sl

LE ROkt £ 8 5 9810 N/m) 5 g B 4 8 = € £(9.81 Nkg) ; u

il

5004 BEIF A B(20°C 0 kehde 4 ARF B s 100 N - sec/m’) 5 V=

013 . d3 . ;\1 . d é VF'T p%“_“ ? F\ ;{i(MonkandTrussel, 1991) R
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(a) 0.45 pm

—~ 2t 130
2 |
é o1 | 425
2
S 120
,E 90 =
= N
o 115
S 3
= {10
@
=]
& 2t H 1s

B e Y B )

0 2 4 6 8 10
Dosage (mg/L as Al)
93 35
(b) 1 pm

= 92t [o 130
o
< ol 1%
=
= 120
= 90
5 7
- {15
S 3r
= {10
@
D
& 2f 1s

1 OomE = 1 0

0 2 4 6 8 10
Dosage (mg/L as Al)

B2 Bt BRrmepl RE B RIEZ MG
BT+ % 2 2-kR8 Rok§ A DISONTU; 2 kR3R 2% £ 1243 mg/L)

64



12 25

11_(a) 0.45 pm — STI
. —e— RT
= 10t 120
z sf
> gt
= {15
= T =
S 6f 2
= i 110
S
= 4r
S
& 3r 1°

i

1 ' : 0

0 1 2 3 4 5 6
Dosage (mg/L as Al)
12 25
(b) 1 pm

11 +
o 10 120
> 8|
o= 115
2 o -
N 2
= - a 110
S
= 4y
S
ed 3 / 15

L

1 ' : 0

0 1 2 3 4 5 6

Dosage (mg/L as Al)

B3 Rt ZrASEEASEREZ M G
(LR % - & -k3; R-k§ R ISNTU; £ k3R 5% 8 : 1.48 mg/L)

65



130 60

(a) 0.45 pm
= 450
=
Z
g 4 40
= I —
T {30 &
= 16}
] 9r
S 8¢t 4
ER 20
o 6 |
S 5t
= 410
3_
1 H L |
Ut llnmm 0 0 0 . .
0 2 4 6 8 10
Dosage (mg/L as Al)
130 60
(b) 1 pm
= - 450
H
Z.
g 140
= I —
= ]
5 1 0 =
ot 10/-
e 9
S 8r ]
ER 20
o— 6|
& 5t
= 410
3_
L
é_ [ non 0
0 2 4 6 8 10

Dosage (mg/L as Al)
Bl 4 Biw BERAAAN RS iR MG
(2R % = 9% k35 B-ki§ & 1200 NTU ; -k #5824 € :3.33 mg/L)

66



Case 1
')?"’Jiﬁ»ii 1 1.2739 m/s

8.32e+02
7.48e+0z
G.6Be+0z
5.82e+0c
4.98e+ 02
4.1Ba+0z
3.33e+0c —
2.50e+0¢
1.67e+0z
B.34e+01

2.26e-01

45 D

Contours of Dynamic Pressure (pascall

Ry T R
AP =666 — 167 =491 Pa

1.29e+00
1.16e+00
1.032+00
9.04e-01
7.75e-01
B.4Be-01
5.16e-01
3.87e-01
2.58e-01
1.28e-01

0.00e+00

Sep 16, 2010
FLUENT 8.0 (axi. segregated. ske)

Contours of Velocity Magnitude (m/s)

Sep 16, 2010
FLUENT 8.0 (axi. segregated. ske)
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Case 2
‘Jﬁ"k aiiE 0 4.0340 m/s

B8.27e+03
l T.44e+03
B6.61e+03
5.79e+03
4.96e+03
4.13e+03
3.31e+403
2.48e+03
1.65e+03
8.27e+02

B.17e-01

Contours of Dynamic Pressure (pascal)

Sep 17, 2010
FLUENT 6.0 (axi, segregated. skel

B Bh B R4 F A

AP = 6610 —0.617 = 6609.383 Pa = 6609.383 N/m”

4.07e+00
l 3.66e+00
3.26e+00
2.85e+00
2.44e+00
2.03e+00
1.63e+00
1.22e+00
8.14e-01
4.07e-01

0.00e+00

Contours of Velocity Magnitude (m/s)

Sep 17, 2010
FLUENT 6.0 (axi, segregated. skel
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Case 3
‘}fa"’J( siik 1 5.9448 m/s

1.60e+0¢
I 1.62e+0+
ldde+l:
1.26e+0:
1.08e+0:
9.02e+0:

! 7.21e+0:

5.41e+D!

3.61e+0:

1.80e+0:

5.08e-10

Contours of Dynamic Pressure (pascal) Sep 17, 2010
FLUENT 6.0 (axi, segregated. skel

T Y
AP = 12600 — 0.617 = 12599:383 Pa = 12599.383 N/m’

B.0Te+DI
I 5.41e+0l

4.81e+01

4.21e+01

3.61e+l

3.01e+01 '
! 2.40e+01

1.80e+01

1.20e+01

6.01e-0

0.00e+01

Contours of Velocity Magnitude (m/s) Sep 17, 2010
FLUENT 6.0 (axi, segregated. skel
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G- | £
714

1. B3k kends 4 4bi% Gt u=10" Pa-s
2. FEkmifE 0 V=2.617x10"m’
3. # # # Power number : P=rQh
4. ng £ r=pxg=9.8kN/m’
5. B-king 1 Q=0.00108 m’/s
6. FA-KEE - h
for casel : AP=pxgxh 2> h=491/9.8=50.102
for case2 : AP =pxgxh 2> h=6609 /9.8 =674.388
for case3 : AP=pxgxh 2> h=12599/9.8=1285.612
For case 1
Power number = 9.8x0.00108x50.102 =0.5302
oo |2 =\/ 05302 4501
wV N1.0x107° x2.617%x10~
For case 2
Power number = 9.8x0.00108x674.388 =7.1377
oo |.P :\/ 71377 6514
wV V1.0x107° x2.617x10°°
For case 3
Power number = 9.8x0.00108%1285.612 = 13.6069
G=\/ P :\/ 136069 5800
)74 1.0x107 x2.617x10
Result
Fokirid (m/s) G (s
1.2739 4501
4.0340 16514
5.9448 22802
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Floc Size dg) (um)

Floc Size dgy (um)
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Velocity Gradient (s

1000
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(b) 150 NTU

" > 4 O o

150s™

100

Velocity Gradient ™)
Bl 2FPER2RETZHIRAR
(35 % = & k)
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Floc Size dg, (um)

Floc Size dg, (um)

100

100

(a) 15 NTU

mE > 4 O @

200s”

100

Velocity Gradient (s

1000

(b) 200 NTU

mE > 4 O @

200s”

100

Velocity Gradient (s

B2 # PR B T2 Ly R

I e S &
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