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Abstract

To ensure hygienic safety of drinking water in a water storage tank, the concentrations of residual chlorine should be above a
certain regulation level. In this study, we conducted model simulations to investigate the effects of temperature on residual
chlorine in water storage tank conditions typically used in Seoul. For this, values of model parameters (decomposition rate
constant, sorption coefficient, and evaporation mass transfer coefficient) were experimentally determined from laboratory
experiments. The model simulations under continuous flow conditions showed that the residual chlorine concentrations were
satisfied the water quality standard level (0.1 mg/L) at all the temperature conditions (5°C, 10°C, 15°C, 20°C and 25°C).
Meanwhile, when the tanks had a no flow condition (i.e., no tap-water influent due to a sudden shut-down), the concentrations
became lower than the regulatory level after certain periods. The findings from this modeling works simulating Seoul's water
storage tanks suggested disappearance rate of residual chlorine could be reduced through the tanks design optimization with
maintenance of low water temperature, minimization of air flow and volume, suppression of dispersion and the use of wall
materials with low sorption ability.
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2. Materials and Methods
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Fig. 1. Residual chlorine testing reactors used in this study. The residual chlorine was decayed by bulk decomposition (A),
bulk decomposition and evaporation (B) and sorption added with (B) reaction (C).
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Table 1. Physico-chemical parameters used in measurement of mass transfer coefficients

Constant
Factor Units Temperature (°C) Ref.
5 10 15 20 25
Bretsznajder (1971);
Diffusivity of water in air i day 1,960 2,029 2098 2167 2236 McCabe et al. (1993);

(Da_water)

Diffusivity of oxygen

Cussler (1984);
Reid et al. (1987)

) m?/day 7.382x107° 1.044x107* 1.349x<10"* 1.654x10°* 1.960x<10"* Richard (1996)
in water (Dw_oxygen)
Diffusivity of chlorine N - . 5 . _, Tang and Sandall
. m /day 2.074 <1077 4.234X<10"° 6.394x10"° 8.554x10"° 1.071x10
in water (Dw) (1985)
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(©0°C. M) em®/mol 2.241 107! De Podesta (2002)
Mol f i
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Mol f chlori
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Fig. 2. Residual chlorine concentration with temperature 25°C
(A), and 5°C (B).
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3. Results and Discussion AEZ A XPL B 2 9k
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Fig. 3. Correlation between bulk decomposition coefficients (Kz.u) and temperature.
Table 3. Evaporation coefficients with conditions of water storage tank
Ko (m/day)
Wate(rm()iepth Air phase system Dispersion Temperature (°C)
5 10 15 20 25
Closed 0 0.2388 0.2944 0.3217 0.3381 0.3491
ose
35 X 0.1626 0.2005 0.2191 0.2303 0.2377
' 0 0 0.2394 0.2952 0.3225 0.3389 0.3499
en
P X 0.1629 0.2009 0.2195 0.2306 0.2381
Closed 0] 0.1858 0.2291 0.2503 0.2631 0.2717
o0se
45 X 0.1626 0.2005 0.2191 0.2303 0.2377
' 0 0 0.1862 0.2296 0.2508 0.2636 0.2721
n
pe X 0.1629 0.2009 0.2195 0.2306 0.2381
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Fig. 4. Dynamic simulation of residual chlorine in water storage tanks with no flow system (CSTR) and continuous flow
system (Batch Reactor) in response to different temperature conditions.
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Fig. 5. Residual chlorine disappearances in typical continuous flow Water Storage Tanks (WSTs) (A) and modified WSTs
(Low temperature, low sorption, no dispersion, low air volume and flow) (B); and typical no flow WSTs (C) and
modified WSTs (D) with water quality standard of residual chlorine (0.1mg/L).
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