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Reaction Rate Constant of Chlorine Residuals in Water Transmission Systems

Ho
T
ol
NE

ol

Zogo=A

o
=

=9 NRH wE P

=
[<]

A

as

ted Al A et

=]
@

:F.

[=]
=

_O'_
S

T

=]
gl

At # e

Aqzie] uet whgEE o] FAd olo] Avie WA

m

24

Bolxm

=
=

4

A4

3 (Mixing)

gate] gEats ZAoR o

L EA ol

2] &4 (Diffusion

=

Q

©] el¥ (Advection),
'&AC}-F

=)
&

14 E

1= &3¢ o) A7 2 T

3

-2 (Reaction)

%E]_:T’_ =3}

!
1 =g 4

S

il

4

=1

M-

(D

+ R(C)

oC;

ox

Vi

3C;

gt

and Dispersion)& ¥4

o

4r

o
I~

p—

<
e

ol

all

atol A4t

3

]

=)

2 (2)e]

[+

=

(Mixing)

cEERE

herd,

iy

4+~

4

—~1183 -



]-Ez;k)QJ Ci|x=L, + Qk,mtc}e,gxx
e/e}Qi + Qk.gxf

A71M, Cpe 4Z2% kNS 2% (Be 94237 (2 #45E @29 3%, Q& #= jAA

o 2% Lie B2 jo B0, Qs ARANM BH k2 #9HE 4%, Ciats %04 2

AnA
g 22 £F 238 o4 e AN AA (Growth) ©ly A4 (Decay)d] w5
olgidst wteo & (3)7 o] A (Bulk flow)sd T2 (Pipe wall)ellAy wvtg o=

R(C) = RN(C) + RO (3)
s B olxis wee UEa floy,

40z GAUH BES AAW BEET 292 90 Asdn oA 4 W9 2o ENE

RO = K,C (4

d71A K= A2 vb&2T 44 (Bulk reaction rate constant)E YWERATH
g & o)A e Qb jhge] o] & shEdt By WA fAdA
St e AdFE FAAHY FWE (Swrface area per unit volume) 2=
EZALAr (Mass transfer coefficient)ys &% ExZ4E  (Molecular
diffusivity) 2 fi"%ﬁ] Reynoldsoll &gttt @YoM IFHLY whgS L whgolzt 713

RO = — }};}fq (C—C.) )

AN, ke BERARA LA (Mass transfer coefficient), Ryps T+ (Hydraulic radius) ©)th,
A (5l e wkg&EE (K )7F Cpoll sl A 218L golx, E&o] TP ALHE A
I e 258 Agsictn FAsd, B wkeare A (G} o] Tk

Kk C

(Vasconcelous, J.]. =, )
Qo) =AY 2P s AP 2YF Y] g AXE 2P Wyel, ol By

gako]l Hu AL dgo] F Ad H4FHA BAE Yehdg

AEaA 249 #AE Material), #% (Age), ZEA T (Roughness) 59 #9 543 ¥
e vk & S Aol 4BRAE dA A B AL B AL

Ta3 By #EE AR wEg 2§85 AA, B SR AFE Fets Wyold
BAA Uy gEAsdoge] FYUH (FA)d A Bottle testE T3 FAH gATE T

- 1184 -



& 3 URA2YL o AHY A9 FFEEFEE 048 BN BeEEARE 37
stz gwolnh o WwWe 49 FUAM LAY A FEHM, R RAANHE 3

AZH TP B4 Bottle test® T ZAE ARE PALN A3 2A WS EE 45
& 2P0 A9 VIEE 4 DS AHEH B292 F 23S AN F5FY &A%
MZE B, A7 BEN2G 29 B9 Ggo) nAscol HE, BUY WIEE
F% kg AWRePd Qe 2Rss Pyl

FA9 WEEE FE Bottle decay test® TABL2H AR & gou), B WIEE 3}

= HgoS AFT F40 BT YRelth w9 BAH WEelt AFH 2AYY 9

O E¥ A HSEE FFAN FAY BSEE J4E PAELBA BEY NSEE §4E

HASE AoDE, WA WIEE YETE T olF £ARFY) YYARD o §5E A £W

2459 deorol B & gt

HAZHA] S80S T3 Vet 2odz 9 AR oMy FFEL S5 Ao F34
Atelle= 28] BwA et nj=Fel A9 Univ. of Cincinnati, US. EPA, AWWA Research
Foundation o] 28 #Z 3 @A FZJdA IFLEL: w84 455 A Al 9oy,

$uete] A9 BRVLI)$ATLANN BAFE FolA ADYE VHE 4SS

o
o
xs)

_

P,
ot ey, A¥EHS BAS 2W £AY $SEE A4 008 - 177 day’, B W
£ QSE 0003 - 152 miday® A¥ HAE Uiz o, oldd A=E denlE olgt
4927, A5 §EFY FA4E, AT BE, B4, HLAE, UL S0 G2y 9
golvh webd geRde AA%E 299 BA 932 BRATA PP VIEE §4E
ANEI] AoiAE FAE FAYH, B2AD D HRBRE AAE B2AFY A2E o
FABE YL Agstolol drh
31 AFAZ 404
87t A5 W, <8 AE e we B2 ATL 07 s2e §33 440 ¥
getsl, ool we 9 AFAZ B¢ e WES ARG @A W4 2UHD & 2 A%
Fol TAHA 44E BFAAL Fo ATAY ARA

W@Ag Base 4 $4748 42 2
e AueRrh E% R AREL $E £ gy WA nE, A
i=2

<
o HeA AFAZY FHE 2R

T 2 2
Lpir, 2y
— - o 4 T 1 3. (7)
r ¢ pipe T 7 yesenoir Zl Qz‘ + 2 X Q, ]

A71M, Dy, L;, @ AFAAA ANg AHAAR7A HHdhs BEAMY @73, @], 32
ou)sid, V,, Q.2 wiFAY &I BFFLFS Uit o] AfsE F12

B 27 2RHe] e Aol AFAL AR TFAA Adsar.

i
2,
g
N
-y
ol
-,

- 1185~



(8

= KC

e

K, ky
(Total reaction rate constant)

] 2leo] fr=ET
Ruy(K,+ k)

-

t8 e

(@

€ 4 @4 Ay

=

A (4) 2 (6)

ok
7
ﬂ

sl

Y
W

NE

2]

vHeER A T

=

B
o
s
o

(9

[y

=3
g

(10

Fee.

B

=

2 HEA T

=
=

SIEE B

&)

Fha: BEH
K7y F87AT.

}

2
HaAsdd 9% A%

Abgate] A (10)e] of = Ak

=
ha

g

=

=

I

T A (@0 o3l Ak

G

F 7S A

#7) fAAE 53

sttt B AT

4

T

3 gtelzle Sy, AAREEA o] &

AAAER AFA

=

=

._?.

K=N
=

AR ol st
27] #

o

2 =0 hE AgSAT

EE

=l
]
Iy
fifr)
£
=
oo
o,
T
Tl

o
o
To

i
il

(11)
Ngeg
(12)

A

1

2 (12)°] <3 A

ket
g
Vu

G

}

wz’(Ki—KAVG)Q

A
= KSS% = KAVG+1-96 *

- 1186 -

=1

95 % A=

g

'z3

EEHAE 4 (1D Q& Ax

=

KAVG_ 1.96 *

749 AAREATY H2A



5de) ojddsE AT gow, $ 11 A AR e} 2 F24

cdh RS 24T AFdwd AgE 2 FAAHLE 2F 14 dE
Welow, Z 2AAARE FHEAD 2T AFADHG FFEL FEE 28 29 BAFA
o},
R it eeeteRis oAb AR oSSR ARt akE e o
- e 7L
e e -

. Rt A““ i B aithe- ol

R - \/\\:\:\\\\\J— — -l ;’Z; - ot
l"""--. / / 5 '

\\\ T H\LJ/ / /: 2]

] H
. e H
-, - H
™~ M D=
Az d

el
|

Ch vz Besrludls finzd)
E

M 50 Wy 1500 00\ WY EW 4
’ Awrgr Paakroe Time (1)

2 2. AFADE AHRE: FE SHA

2 £RYANEE AFAHR)-BFIAEE AFAGH) e ALYHARHLS AR 23

T ¥ 17 2o AYIAREA ZaAdeA, 2R AS (Coefficient of determination) #4& &HE
@ Are AYE 2ee @ 5 o, 7187 @AWSADZES o= A=Y W WA
AAE moln o] EAUNE Hupt 4ws AN Ar $eASY AS Asue ¢ & 3
th 2% 32 20009 8¢9 199 APW EHAE R AYIAALNL YR Ao

1L AY HAES A

%‘ ;{6‘ OE] }\] 7] % 7] yzé h‘—!\qi @ z&‘ ﬁ] _)F- o —a—namgied wens 20 (Tamrla

2000/ 6/ 7 | -0.492 | -0.128 | 0.305 o \\ *oer

2000/ 7/ 5 | -0343 | -0249 | 0.231 \\\

T ™~

2000/ 8/ 1 | -0950 | -0.083 | 0568 i \,\ ‘3&\ /
2000/ 9/ 4 | 0559 | -0.320 | 0567 N S < :
2000/ 9/21 | -0462 | -0020 | 0198 o ~
2000/10/11 | -0.262 | -0223 | 0016 e

Avirade Rusidencs Tims (3w

2000/10/25 | -0.426 | -0.223 | 0481

a4 3 48 FAEA 2 (2000/8/1)

B 1A AR T A2E AFDA R ARFH AEL A FHo|vE s A4
AR o|del7] siAE AANEAF HAAE LA s Aol Zastd, 784 A 5

A9 e A SSEE 44E A (10, (1D 2 IDE o188 BFHY A U&= 45

2EEA % 6% AATHE P ched 2o



Kave = “0.529(1’613’—1

> w K= (—0.529)) o
= 0_‘
> w,

—0.691 < Ky < —0.366

5.4 &
o1 g3t gel AHBT $AR W 491 ARIL T BEEE 44 ALY 22
Al U o2y AE LAWY AL =4 o =W

—0.691 day“ < K%o, < —(.366 day”!
F% Bottle decay test B ThE BEAZL Azo] te 2z g BEMo| AxNHA % - w4
EAFS AAJAL Fo 3t AFIE SHEEE A5 g Ay
£ E 7"

P
lo

FaxEd

Clark, RM,, Grayman, W.M., Goodrich, J.A., Deininger, R.A., and Skov, K. (1994). " Measuring
and modeling chlorine propagation in water distribution systems.” Journal of Water
Resources Planning and Management, ASCE, Vol. 120, No. 6.

Vasconcelos, ].J.,, Rossman L.A, Grayman, W.M., Boulos, PF., and Clark R.M. (1997),
“Kinetics of chlorine decay.” Journal AWWA, Vol. 89, No. 7, pp. 54-65.

Vasconcelos, J.J., Boulos, PF., Grayman, WM., Kiene, L., Wable, O., Biswas, P., Bhari, A,
Rossman, L.A., Clark, RM., and Goodrich, J.A. (1998). Characterization and modeling of
chiorine decay z'n distribution systems. AWWA Research Foundation, Denver, CO.

oY F (1999). +EEY 2329 #X7E F2Z5LAAFTA}

- 1188 ~



