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Decay Pattern and Model of Residual Chlorine in Water Supply Network
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Abstract; The effect of water temperature (T) , total organic carbon (TOC) and initial chlorine
concentration ( C;) on the decay coefficient k, of residual chlorine in bulk water was studied through
pilot-scale experiments. The effect of C; and flow velocity on the decay of total residual chlorine in water
supply network was explored, and the decay coefficient k, of residual chlorine in pipe wall was
calculated. Moreover, the correlations among residual chlorine, total bacteria, turbidity and UV,
indices were analyzed. The experimental results showed that the first order model properly described the
decay of total chlorine in the pipe network, but the correlation coefficient of the first order model was high
only when the temperature was high in the bulk water. The parallel first order model was insensitive to
water temperature, and the correlation coefficient was beyond 0. 96. The influences of the factors to k,
was T >TOC > C; total residual chlorine decay coefficient k and & were both positively correlated with
C, and flow velocity. Strong exponential relationship between the %k and the Reynolds number was
identified. HPC showed a negative correlation with C;, insignificant correlation with the turbidity, and a
positive correlation with UV,y,. Turbidity was well correlated with UV,,.
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Fig. 1 Pilot device for water quality simulation of pipe network
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Tab.1 Experimental results of residual chlorine decay in bulk water
" TOC/ KA/ — AR AT AR
iy | 7| GO0 | ety [ | ® i [k [ WA | R
1 0.786 0.70 0.0035 | 0.7135 0.90 0.004 2 1.1940 | 0.978 6
2 1.451 1.05 0.0084 | 0.7853 0.81 0.0047 | 0.2745 | 0.9956
3 2.456 1.40 0.0059 | 0.7536 0.78 0.0034 | 0.2256 | 0.960 3
4 15 0.786 1.05 0.0074 | 0.9042 0.81 0.0045 | 0.1423 | 0.9811
5 15 1.451 1.40 0.0125 | 0.948 8 0.83 0.0104 | 0.3789 | 0.994 6
6 15 2.456 0.70 0.0802 | 0.9947 0.97 0.0750 | 0.3521 0.987 4
7 25 0.786 1.40 0.0096 | 0.908 5 0.77 0.0058 | 0.167 1 0.9919
8 25 1.451 0.70 0.0803 | 0.9947 0.85 0.0703 | 0.3475 | 0.997 6
9 25 2.456 1.05 0.1286 | 0.997 3 0.93 0.1146 | 0.9563 | 0.9959
£2 BEFEHRER
Tab.2  Analysis of range and variance
o k, R? ke k. R
) Wz JiZ% Wz JiZ% e JiZ e JiZ ez Ji%
T 0.0669 | 0.0068 | 0.2160 | 0.0864 | 0.0595 | 0.0053 | 0.2736 | 0.1201 | 0.017 0 | 0.000 4
TOC 0.0647 | 0.0063 | 0.0732 | 0.0100 | 0.0595 | 0.0054 | 0.1777 | 0.0597 | 0.0147 | 0.000 4
C, 0.0453 | 0.0036 | 0.0307 | 0.0016 | 0.0433 | 0.0032 | 0.3740 | 0.2102 | 0.008 6 | 0.000 1
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Fig.2  Decay of total residual chlorine in pipe network with

different initial chlorine concentration
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Tab.3  Analysis results of residual chlorine decay in bulk water

T H ST e BE

@(Ji'; ﬂff’%/ ) k/h! R by /h! b /b R
0.63 C=0.624 lexp( —0.079 7t) 0.079 7 0.9328 0.023 8 0.2190 | 0.9979
1.02 C=1.002 lexp( —0.031 41) 0.0314 | 0859 0.0050 | 0.1620 | 0.9995
144 C=1.292 4exp( -0.018 71) 0.018 7 0.856 9 0.0076 | 02132 | 0990
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Fig.3 Decay of total residual chlorine in pipe network at
different current velocity
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Tab.4  Calculation result for decay coefficient of residual chlorine in pipe wall
4{;11/1]%& (mgC:O/Lf]) (m _D/S,l) Re k/(m - h™) k/h! k,/h™! k—k/h™! E/h™' |kt k%
0.63 0.288 0 0.079 7 0.208 3 0.005 6 28
10 1.02 0.688 66 048 0.090 6 0.3187 0.031 4 0.287 3 0.007 8 10
1.44 0.3253 | 0.0187 | 0.3066 | 0.008 4 6
1.07 0.246 23 616 0.038 6 0.281 1 0.152 6 0.004 2 46
22 1.09 0. 688 66 048 0.090 6 0.3286 | 0.1286 | 0.2000 | 0.0053 39
1.10 1.180 113 280 0.1417 0.370 1 0.2415 0.006 3 35
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Fig.4 Changes of HPC, turbidity and UV,s, in water supply
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