ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/314239953

A Review Study on Major Factors Influencing Chlorine Disappearances in
Water Storage Tanks

Article - December 2016

DOI: 10.21729/ksds.2016.9.2.63

CITATIONS READS
0 162

4 authors, including:

Yoorae Noh Joonhong Park

Yonsei University Yonsei University

4 PUBLICATIONS 0 CITATIONS 109 PUBLICATIONS 2,273 CITATIONS
SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

et CJ Cheiljedang fund View project

All content following this page was uploaded by Yoorae Noh on 06 March 2017.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/314239953_A_Review_Study_on_Major_Factors_Influencing_Chlorine_Disappearances_in_Water_Storage_Tanks?enrichId=rgreq-4d2e7659b882f9df8a63baa52d0065bd-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIzOTk1MztBUzo0Njg4ODczMDIwODY2NjVAMTQ4ODgwMjg1MzExMA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/314239953_A_Review_Study_on_Major_Factors_Influencing_Chlorine_Disappearances_in_Water_Storage_Tanks?enrichId=rgreq-4d2e7659b882f9df8a63baa52d0065bd-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIzOTk1MztBUzo0Njg4ODczMDIwODY2NjVAMTQ4ODgwMjg1MzExMA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/CJ-Cheiljedang-fund?enrichId=rgreq-4d2e7659b882f9df8a63baa52d0065bd-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIzOTk1MztBUzo0Njg4ODczMDIwODY2NjVAMTQ4ODgwMjg1MzExMA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-4d2e7659b882f9df8a63baa52d0065bd-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIzOTk1MztBUzo0Njg4ODczMDIwODY2NjVAMTQ4ODgwMjg1MzExMA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yoorae_Noh?enrichId=rgreq-4d2e7659b882f9df8a63baa52d0065bd-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIzOTk1MztBUzo0Njg4ODczMDIwODY2NjVAMTQ4ODgwMjg1MzExMA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yoorae_Noh?enrichId=rgreq-4d2e7659b882f9df8a63baa52d0065bd-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIzOTk1MztBUzo0Njg4ODczMDIwODY2NjVAMTQ4ODgwMjg1MzExMA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Yonsei_University?enrichId=rgreq-4d2e7659b882f9df8a63baa52d0065bd-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIzOTk1MztBUzo0Njg4ODczMDIwODY2NjVAMTQ4ODgwMjg1MzExMA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yoorae_Noh?enrichId=rgreq-4d2e7659b882f9df8a63baa52d0065bd-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIzOTk1MztBUzo0Njg4ODczMDIwODY2NjVAMTQ4ODgwMjg1MzExMA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Joonhong_Park?enrichId=rgreq-4d2e7659b882f9df8a63baa52d0065bd-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIzOTk1MztBUzo0Njg4ODczMDIwODY2NjVAMTQ4ODgwMjg1MzExMA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Joonhong_Park?enrichId=rgreq-4d2e7659b882f9df8a63baa52d0065bd-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIzOTk1MztBUzo0Njg4ODczMDIwODY2NjVAMTQ4ODgwMjg1MzExMA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Yonsei_University?enrichId=rgreq-4d2e7659b882f9df8a63baa52d0065bd-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIzOTk1MztBUzo0Njg4ODczMDIwODY2NjVAMTQ4ODgwMjg1MzExMA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Joonhong_Park?enrichId=rgreq-4d2e7659b882f9df8a63baa52d0065bd-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIzOTk1MztBUzo0Njg4ODczMDIwODY2NjVAMTQ4ODgwMjg1MzExMA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yoorae_Noh?enrichId=rgreq-4d2e7659b882f9df8a63baa52d0065bd-XXX&enrichSource=Y292ZXJQYWdlOzMxNDIzOTk1MztBUzo0Njg4ODczMDIwODY2NjVAMTQ4ODgwMjg1MzExMA%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Journal of Korean Society of Disaster & Security
Vol. 9, No. 2, December 2016, pp 63~75
https://doi.org/10.21729/ksds.2016.9.2.63

ISSN 2466-1147 (Print)

ISSN 2508-285X (Online)
www.dssms.org

A Review Study on Major Factors Influencing Chlorine Disappearances
in Water Storage Tanks
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Atk & AFelA B5E AASL IFAE HLE Hastet] A FRE FHE Ve ste AR Az A
7ol 71 el f-8-8hA &-82 Zlolth

ABSTRACT For safe water supply, residual chlorine has to be maintained in tap-water above a certain level from drinking
water treatment plants to the final tap-water end-point. However, according to the current literature, approximately 30-60% of
residual chlorine is being lost during the whole water supply pathways. The losses of residual chlorine may have been
attributed to the current tendency for water supply managers to reduce chlorine dosage in drinking water treatment plants,
aqueous phase decomposition of residual chlorine in supply pipes, accelerated chlorine decomposition at a high temperature
during summer, leakage or losses of residual chlorine from old water supply pipes, and disappearances of residual chlorine in
water storage tanks. Because of these, it is difficult to rule out the possibility that residual chlorine concentrations become
lower than a regulatory level. In addition, it is concerned that the regulatory satisfaction of residual chlorine in water storage
tanks can not always be guaranteed by using the current design method in which only storage capacity and/or hydraulic
retention time are simply used as design factors, without considering other physico-chemical processes involved in chlorine
disappearances in water storage tank. To circumvent the limitations of the current design method, mathematical models for
aqueous chlorine decomposition, sorption of chlorine into wall surface, and mass-transfer into air-phase via evaporation were
selected from literature, and residual chlorine reduction behavior in water storage tanks was numerically simulated. The
model simulation revealed that the major factors influencing residual chlorine disappearances in water storage tanks are the
water quality (organic pollutant concentration) of tap-water entering into a storage tank, the hydraulic dispersion developed by
inflow of tap-water into a water storage tank, and sorption capacity onto the wall of a water storage tank. The findings from
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this work provide useful information in developing novel design and technology for minimizing residual chlorine disappear-

ances in water storage tanks.

KEYWORDS Water storage tank, Residual chlorine, Bulk decomposition, Absorption, Evaporation
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Fig. 1. Residual chlorine concentrations at drinking water treatment plants and at the final end-points of tap water, and their corresponding
disappearance rates (The office of waterworks Seoul metropolitan government, 2015)
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o= AdHA 9 urphy, 1985; Wable et al., 1991; 71 =35} £,
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o] LE7} WhesEe] g Frk é Be 2woA
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Fig. 4. Physico-chemical mechanisms involved in chlorine disappearances in water storage tank
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Table 1. Previously reported coefficient values for reactions involved in chlorine disappearances in distribution system
Condition |Temperature (°C) Material K, (1/day) | K, (m/day) K, ., (m/day) Reference
PVC 0.0187
PE i 0.0337
R 254 13702 Not available
DCIP100 (N.A) 0.1508
DCIP80 0.1575
PVC 0.0129
218 A) 16.8 PE 0.8548 N.A 00162 3 AT
. . A S+
= DCIP100 0.0681 FHTALEAH(199)
DCIP80 0.0981
PVC 0.0036
PE 0.0029
A3 A 2.5 0.2526 N.A.
DCIP100 0.0093
DCIP80 0.0098
11 Not Defined 0.1872 NA.
A1) 2 0.05~0.32 FaR=S-e)
v 4 (N.D) 0.1056 NA. 4 12010)
25 0.3864 N.A. -
A3 A 20 N.D. 0.2352 N.A. 0.021 A A QEA T (2015)
5 0.1224 N.A. -
DCIP100 0.1814
24 1.3455 N.A.
DCIP80 0.3006
JUEUN s DCIP100 0.9185 NA 0.1343 494 9
= DCIP80 ' o 0.1949 B #1(2004)
DCIP100 0.0543
6 0.4543 N.A.
DCIP80 0.1147
~ Gray cast iron 1.58 N.A. 0.039624
a7 N.D. - - Wable et al. (1991)
Ductile cast iron 1.15~2.88 N.A. 0.176784
&7 N.D. Gray cast iron 0.12 N.A. 0.0823~0.2621 Kiene and Levi (1993)
2138 2] N.D. Unlined cast iron 0.55 N.A. 0.4572 Rossman et al. (1994)
Asbestos cement 1.16 N.A. 0
Unlined cast iron 0.83 N.A. 0.758952
213 2] N.D. - - - Vasconcelos et al. (1997)
Unlined galvanized iron 0.23 N.A. 0.271272
Cement-lined ductile iron 0.77 N.A. 0.03048
2138 2] N.D. Cement-lined cast iron 0.00 N.A. 0.073152 Mathieu et al. (1993)
2138 2] N.D. Cement-lined cast iron 0.52 N.A. 0.0762 Parent et al. (1996a)
213 2] N.D. Cement-lined cast iron 0.54 N.A. 0.298704 Parent et al. (1996b)
213 2] N.D. Unlined ductile iron 0.25~0.49 N.A. 0.0945~0.1311 Rossman et al. (2001)

& AT F=ARETAY, 1999; =g 9], 2010; T=Ad stotal 7Hgshal 9] A &2 A 23oA 54
AT, 2015; Y4 9, 2000)= L7 A, B | g A W FelEE A, T2l 2%t
Adolo] AA(FRP, ot2E F)= o] Fofd HijA] &2 A =3olE A(K,,), L2|aL A F2ES Al (K02 &
T FFHL g Sl SA. A ALS< Table 19} 2| 5H3 T

2 U ARAe FAE A AL ek vhEs] 9 =W FlEE ALK, B £ ARsS B,
e Aez U AHRAR] 712E WA A4 2 S=7F FoHda R Ky,gkol S7HEe AdE Hola o
[t PRI, 2] wh= R i geol| w]sl o] B2 A+ ol Aol7t glont FARE 2129 K, 6
Al H3p LA o] Ao Ao ARHa Ase] B o < At Zkoll Zpol7t QU ol A F2 A TR
T AR vl Bl o] 2Rt v o= Higa E 25 U w7l =7 Aol7 EAsH] wiZoletal &
ol A S4d WA ghol AeoA e ASIt A ek Aol o9k IR A FA ko] e 7=
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FEL 7 2f2o] getUF A (Ductile Cast Iron Pipe;
DCIP)¥} &2} El(Polyvinyl Chloride; PVC, PE), A|HI E o]
s SHAE AASHTE Tl LfolA A 2 A =
Zol A 2] DCIP B Ao o5t S&F Al FhE= &
20| 714 Hol Eo] qlom, YukA o7 [ Akt
o|aL §lek. IejuE et E HAIE AexE
74 Ao F2Sk= W] A He AY
Table 12] ZH52 AL E & Ao Holr}. 32| 2 =9
-, T2 AHE Ao Ao AF Ayt wol z18)E o]

>~ ol o A
b o
oy Mo e
ol
T

£2
o

F71-231e EEAY £ S AU 2EAGA
A ElA] = oFortH(Kruger et al., 2000). Z4bof| o]t
Al (DA Bz viet o], ZFd o] g4

-
— T
(diffusion) Al4> 2 Henry Constant 53} Zro] JA4EZS

mr o
il

v

S0 9= U= K000 K0 it
- HaEdl ERlekehy SA4AE A

=
QAL AIHE AHE | Az WA ZA)A AFE 2o Tatd Ho|7h Yom A H4%0] dispersion
A gaglong I ez o] Age dgel Wa AL weistel BARLAR S AstolofIth K,
sith AgA 274 AT GER@RSALTAL 1999, 4 @ ABHA AT, K, = = F50] A
Zelse o] o3k §3} A5l DCIP Ao A9ueh w2 540 H9of 4] (92} A (10)2 22} Abgalet
A7) Upepett). o] Ak PVCL} PES} 28 Zepae A
Az wwo] A7 WAE AgelE DOP L HAE 4 HEE U] THRAL AL FAEE 95 A
g AR Faol olgt RIS T EY 5 9 HIOE HIA|
e AL AR mhebd 2R Sabo] A4stE S
A= AW HelE WA AR T2 AS Aol A4z A5z ) BRAL gaol Tolst 7145 FHH
A ol 2ok A& Al GIE b B4 YA, 7 717 525hE 2 S
EolEE Alpel A F2 W Al GE 2 oA wEoA A5E Al S FEEiA 2d AlEdol i
T 5= AT, S]] ot 2AAY Al g2 S A 35T o5 flaiA] A&l Yubd Az S
7h ZE oA AlFE AL QIR ehdTh A WollA = 3 71Eo® Agz G (volumeye 1000ton S 2 7HYS}aL 22}
T719} Bo| AEEL RHEo| ZA5tL SjY WAL B HO|(H; height): 5 m, Z(W; width): 15 m, Zo|(L; length):
Fukgo] et @4zt FUEC Krugers] A0 A% 15mE sty om 59] ol 45 mE sk Lre
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Fig. 5. Simulations of residual chlorine concentrations in water phase
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