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Impacts of the Hydraulic Characteristics of Pilot Clearwell on Chlorine Disinfection

Efficiency
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Abstract: A pilot clearwell was used to simulate the chlorine disinfection process with the Bacillus subtilis spores as the target microbe. The
effluent of the activated carbon filter tank was radiated by low pressure UV lamp and then used as the influent the pilot clearwell. The impacts
of hydraulic characteristics of pilot clearwell on disinfection efficiency of Bacillus subtilis spores was studied under different hydraulic
characteristics which was changed by the number of the baffles. Under the conditions of this experiment, the inactivation coefficients of Bacillus
subtilis spores with NaClO as disinfectant which were calculated by Ct, value were almost same under different hydraulic characteristics, but
the inactivation coefficients which were calculated by CT value were very different under different hydraulic characteristics. This verified that it
was more reasonable to evaluate the disinfection efficiency by Ciyy value than CT value. When Ci), value was in the range of 100 ~ 300
mg*min/L, the inactivation coefficient of Bacillus subtilis spores with NaClO as disinfectant was 0.001 6 1/Cmg®min), which highly coincided
with others” results. When CT value was in the range of 100 ~ 700 mg*min/L, under the same CT value, the disinfection efficiency of target
microbe would be notably enhanced by increasing the number of baffles which would improve the hydraulic characteristics. So the results
verified that the disinfection efficiency could be enhanced by improving the hydraulic characteristics of the clearwell.
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Fig.1 Layout diagram of the pilot clearwell

N oI N E R SR U R e S R U (O
(ATCC 5533), Wy T~ [E B} 52 B 5k A 90 B, B ) R
AR 80 VT 2% 77 2 2 B B BRI (2002 4F
WO R A 107 ~ 10° CFU/mL 11 B B AR A7
T 4°C UK, A A BB K 1R A K AN i
PRR G RE RN 10° ~ 10° CFU/mL ¥ 41 13
FHW .

SO EE AR IR SR L C > 59 ) F TG SUK G

i, W L2100 50 o/ L, IR BLIC, A8 A 45 =X
A AR SN 58 FLMR FE . BRTURT 25 3843 ) B T AR A
PR, 308 I ) Pk s IR A

HR I 7Kt 1 7K 2 48 IR AT T EEC > 40
m]/em® IR R PEM H 7K, FEAK THE b WA 15 W 1
ey v R T A Bk K U FRIE KT SRR
S CHL A 2 A5 7K 45 S D ), @ i Ly He
O Be M vt 5 T T T R BRI TR B T R T



2552 A 304
WKL R AR G A8 TR G /TG A, W S SRR ) 45 BN e 7, AT AT SR AN R 3 3
Kl 2. BT 14 . 20 0 LA R SRS &8 R 8 €T H Cry

e S A IR SR SE T 1 K 50 0 i
Table 1 ~ Water quality of influent and determination methods lg[ EI Jﬂ E‘% E/] ?‘[’i’fjﬁﬂé NaClO Xj_ *EEH—HA b ¥@ E’J
il
KB b AT KT TR ZR, WK 3 R 4
2 /e -1 0.01 ~0.03 HACH  Chlorine  Pocket . . . .
AR mg : : Colonmeter™ [[ F2 PIRBKEAESTRREE T ¢,0/T &
K/ C 3.3~17.6 AR BT Table 2 t1/ T value of pilot clearwell with different baffle numbers
pH 6.3~7.1 grw"n” Orion Model410 pH SRS 6 3 0
T P tio/T 0.69 0.50 0.10
TOC/mge L™ 1.41~3.03 ?QIMADLU FOC-V wp TOC .
NH;' -N/mg*L"" 0.0079~0.0304 7KHIRIES
01 50/ CRU .~ 0 B2 SRR M ) 03 NGB A =S o TSR
o4 5 y-0.0011x
4 - 2 =
REEK #HERB(NaCIO) . R=0.9376
- i S g
3 = 03 y=0.000 7x
4 T il = g R2=08722
|“< : > T " HK bl "
gt X a y=0.000 2x
2 —
HRFA () o8
0.1 o >
B2 PitiRTE 2
Fig.2  Schematic diagram of pilot test L L . . . L

2 IR 7K I 457 B I TR) i DR 7K 3E 7K 1R
JKIVEURE, Ao 519 109% JC W Na, S, 0, ¥R 2511
ARG BRI A WA I AT TR R AR D 2 R A
DU SR: FH 388 5 75 B R it vk
1.3 WHEACEN

TH BE SR A A7 A it H K KRR R AE K
S SN =

Kig# = 1g( Ny/N)
L, Ny REKEE T H AR CE A N TR K
b s N — 5 B 1A Ji5 H K K RE R A e A S

T 7K G [ 2 R 120 L/h CRIPEE @ BE8 7K g 458
B I TE) 29 90 min) > I B NS00 2 [ 2 0 0.67 L/hs 250
AREK DN, SR AF I e HCC F/iG K
RSO, B AH R S iAW T {E L& Cro 5 T
(T B s AR 3 AR, SRS AR 1, B 5%
ANTRIZK I 4 A1 17 AR A AT 17 B € AR b 2F FR )
KGR

2 ERE5HH

2.1 CihH CTXW‘%'SE*&%H@Wﬁ
ek A I 2 3 5 s B A o AR T A AR g R
[ ARG O T ¢,/ T H, W3R 2. 8 k3 /Kt

0
0 100 200 300 400 500 600 700
CT/mg-min-L!

3 FRSRMRHEE THEMEEGTMHIFR
RIEEFM T EHXFR
Fig.3  Relationship between CT value and the inactivation
coefficients of Bacillus subtilis spores

with different baffle numbers

0.5
o AEHRR A ZBHK o BRAMK
o
04 |
y=00016x o |,
e R =09376 .°®
I 03 ‘
Z
=y .
b L. o
?QE 02 - id =0.001 5
< . a y A X
,v 2
J R2=08728
K
0.1 | Pad
oghs y=0.0017x
R =087
0 | | | | |
0 50 100 150 200 250 300

Ctig/mg-min-L™1

B4 FRESHRREE THEFERGTHIR
RIBRM CryBEXF
Fig.4 Relationship between Ctjo value and the inactivation

coefficients of Bacillus subtilis spores with different baffle numbers



9 1 LUPER SR A 1Y AR S R KR EE SV &S ih Al 2553

M 3 ATFE H L CT AR AR BRI, 3 B T iR 4%
PE R RS SORF B R AR 2 AR TR A O (H Y R A
N EE e W (P ACIVENE R TR S DRS¢ P
IRK, N = F WA Z SRR FLL er
B TH S NaClO ) A ST B S8 (0 AR Aol 25 700 1) K0 2R
03 °50.001 1+ 0.000 7410.000 2 L/Cmg®min) . 1M
CL Cr o P REARBR I, Wil 4 iR, 75 SR, = i
BRI AR 3 Tl 2 A Al AT T TR (A AR b 2 £l 2K
T TED A B 2 R 6 W) A A, 3 Rl IR A& A R B
Cryo VH 5510 K 3G 22 2023 7l 8 0.001 6+ 0.001 5 Al
0.001 7 L/Cmg*min), *F-F{EH720.001 6 L/Cmg*min) .

W A K 2 — AN e e HE R R A, R UK
JHE R ED 7 = v/ Q s #E RS AR HOE
(A o), PR AN R 8 H SR AR & N, R T
AL, B e B VSRR AR P KOS FR AR B i A [+
R ARG 45 R R AR F R &M UL er fdith
S NaClO X Rl FEAT 1R K36 R B0 22 1R K ml I, A
HRE KB IEA 2 — AN e e U A, BT AR
TERLERUR, T AN BEAIR I B 1 L5 Aok A2 40 B 1 1 42 flle
I ], AN [ E H P UARCSS AT T, T 5 SEBR B 1) 1)
ZERABAN TR, PR T3l K it L e R VEAN sk A
WK E RS AFAE R 25, AN R LLEL IR 7K Iy 45 B B[] B
T=V/Q Kb, —MLL ¢, AR )R THE T
S ARG SRR LL €y SR K R
I, ANE)EH RS AET KE R BOEAA R, v
WBA Cr o >RV S50 7K 1) T B 803 B A BRI

5K K 7 S T AP S 9T NaClO X A
FORF R AL K0S, 78 CT {H R 0 ~ 300 mg® min/ LG
FEL A, 0453 K35 22 400 0.001 8 1/Cmge min) . £E A i
Bl 4 R L Cr oo vESER NaClO % il B4 T 2 40
(K% R H0H0.001 6 L/Cmgemin) , 15 #5256 25 1
ARG 1) — 3k
2.2 b NHEERCR I

AN R IR AR B8 R 23 I B T A Cr o K9
ARFR AN HH TR TR R KOS LR, a3 R 4, v BLE
o, FIFER 75 7S R TG KM ¢ K, 5
T BT, 2 45 H AR R B HE, ARG & = 3
T K3 ol LUE H FEFER) e, ANRZK D)
AT BRI K ZE M A 78 AR > = TR >
TP LB R 1g KGN, rf 2 cT E R
NP < Z R < T AR kR 2RI 2
P, WEARIE O {H AN A5 30 AR 250 4% 1 I 11 11 2K
W, WAL 3. AL, 75 CT 24 100 ~ 700 mg® min/ LIS

BN B AR RS 22, 35 KT A K ) A 1
b/ THR R » T RH I R AR AT 20 52 s B IK 2 A A K
WA H AR 35 K SRR O, BT A 2200 CT fH
B, 2T JEEAIN, PTfi 20 ¢ N, It a] LYK
/T K K LR TN S, AT RS DL gk 2 3 B
LNE

®3 1 cT BEFESRIREE R EHEE
Table 3 Inactivation coefficients of Bacillus subtilis spores

under similar CT value with different baffle numbers

ZH NSRRI EFRKR BRI
to!T 0.69 0.50 0.10
C"V/mgeL™! 3.35 3.37 3.10
CT/mg*min*1.~" 301.5 303.3 296.4
Ct1o/mg*min*L"" 208.0 151.7 29.6

R R T 2F 7l 1g KOG % 0.360 0.182 0.060

DC™ 7 2 5B K S i E] 7CEP 180 min) Ji i /K M H 1 4 H B
REAE

3 it

(DRI T AR FHRARLA N
THE R NaClO X H A5 B P 6 K 35 28 B05E A A 7]
AL Cr v 5 H K H bR B R ) KOS R O 22 1)
K UEB L Cr o 1 by i 7K b 5 B 2805 (0 D A 45 b
G LI TE Crio 2N 100 ~ 300 mge min/LIFTIE F 4 , il 5
T TR 22 €0 AR i 28 70 1) K35 8 1 % FF5 Chick-Waston
HEAR, KiGE g N/NDE Crg 5 RUFIZTEX
7, BARFE WA EAT PR Cr o T H ) H AR R
(R KT Z B AAH ], P 3448 °50.001 6 1/Cmg® min),
5 AR (0 25 AT IR I — S5k

(23 7Kt 7K T3 2% AR o T AR i i 3 R0
M Cr EE I, B KN SRR £, K
FAFAF RN 3, ¢ B0, H bR B BhIR KT 2 R
TR I A IR () 5 ZE N, AN ) 3 SRR 1 Ol T ¥ 75 2
W) Cro 8, B FRREEZ, 5 18R,
PRI RE 1 CT AEH8), 18 3E 7K S0 5 AR B AR (1 15
BN ¥ 7KL IR B 7K g 457 B i R) 7 Ok e E, PRt
CT E Ak /N B mT LAY D #5700 (R B0+, 3%
TRy B A P A R AR

B AR BT LT SR LK) R, 1
FIE KRB L4 T H (507780960 B By, i 5
gy



2554 N S 30 %
S 30K 051 Fhams, XUSCH, SkaEE . KA ROK ) 15 B I 1a) i) 3% i
[ 1] Crozes GF, Hagstrom J P, Clark M M, et al. Tmproving Clearwell HLJ1. HHERF R Elykﬂ'%ﬁﬁ),ZOOW 47(12):2139-2141.

Design for CT Compliancel R]. AWWA Research Fundation and Lol XUmiH, bk, XISCH, 5 4K) WM LZ MR EAR
AWWA, 1997. SR s 7J<HE7J< 2005, 21(1):5-8.
[ 2] USEPA. Microbial and Disinfection Byproduct Rules Simultaneous [ 7] James M. Water Treatment: Principles and Designl M]. New York,
Compliance Guidance Manuall R].1999. NY: Wiley Interscience. Montgomery Consulting Engineers, Inc.
[3 1 RISCH, K%, XA, 45 3 Kb B vt et s B L. 1985.
#KHEK 20045 30052 10-12. [81 6B 57492006, WK bRAERL S 75 S ]
L4l SfafhxsScE, EE, % s Kl 1/ 7 100 2R % [9] a&ﬂﬁ,iuwg,vﬁtﬂ&axﬁ%%%%ﬁﬁﬁ%@ﬁ%mmﬁ

WEELT]. 45 7KHEK, 2004, 30(12): 41-44.

TEFLT]. BEERME, 2006527 (2):329-332.





