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Abstract : In general water treatment process, the disinfection process by chlorine is used to prevent water borne disease and micro-
bial regrowth in water distribution system. Because chlorines were reacted with organic matter, carcinogens such as disinfection
by-products (DBPs) were produced in drinking water. Therefore, a suitable injection of chlorine is need to decrease DBPs. Rechlo-
rination in water pipelines or reservoirs are recently increased to secure the residual chlorine in the end of water pipelines. EPANET
2.0 developed by the U.S. Environmental Protection Agency (EPA) is used to compute the optimal chlorine injection in water
treatment plant and to predict the dosage of rechlorination into water distribution system. The bulk decay constant (kpux) was drawn
by bottle test and the wall decay constant (kwai) was derived from using systermatic analysis method for water quality modeling
in target region. In order to predict water quality based on hydraulic analysis model, residual chlorine concentration was forecasted
in water distribution system. The formation of DBPs such as trihalomethanes (THMs) was verified with chlorine dosage in lab-scale
test. The bulk decay constant (kyuk) was rapidly decreased with increasing temperature in the early time. In the case of 25 degrees
celsius, the bulk decay constant (kwux) decreased over half after 25 hours later. In this study, there were able to calculate about
optimal rechlorine dosage and select on profitable sites in the network map.
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Fig. 1. Comparison of operating conditions for (a) present and
(o) hereafter,
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Fig. 2. Flow chart of survey method and process.

.

4"~""
E ¥J Pump Station
et |06 R S | e E

Fig. 3. A map of field survey for sampling and measuring po-
ints in study area,

Table 1. The analysis items, methods and instruments

Items Methods Instruments
pH pH meter Orion 4star Thermo pH potable
Temperature Orion 4star Thermo
Conductivity Orion 4star Thermo
Free Chlorine DPD Pocket Chlorimeter(HACH)
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Table 2, Determination methods of chlorine wall decay coefficients

The modeler may informally adjust the parameters relying upon experience and judgment to lead to an
Informal adjustment acceptable set of parameters, This method was most successful in systems dominated by the bulk
decay where there was little wall demand,

Relationship between pipe It may be postulated that certain physical pipe characteristics lead to increased wall demand, For
characteristics and wall reaction example, pipes of a particular age or material may be more susceptible to uptake of chlorine at the wall
rate constant or a relationship may exist between the roughness coefficient and wall demand,

Pipe location may also serve as a surrogate for various factors that affect wall demand, Methods for
grouping pipes and assigning and testing alternative wall demand parameters were used to derive best-fit
parameters,

Geographically zoned wall reaction
rate coefficients

The method starts at the point of entry of the water into the system with a bulk reaction rate coefficient
based on bottle tests and first determines the best fit values for the pipes in the vicinity of the entry point,
the method then moves downstream in an orderly manner determining best fit values along the way,
Distribution systems with multiple sources or flow reversals are not very amenable to this approach,

Heuristic method

The chlorine decay bottle test data is analized using a nonlinear least squares regression software
package to determine which kinetic model best describes the bulk decay reaction and to estimate bulk
reaction rate coefficients for each water, In most cases, first order decay kinetics gave the best fit, A
network modeling simulation is then performed using the bulk decay rate coefficient determined in bottle
test, If the model over predicts the observed chlorine concentration, this id an indication that there is
significant wall decay going on in the system.

Systematic analysis method
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Table 3. Analysis condition of THMs

[tem Note
Carrier Gas Nitrogen 29 mL/min,
Initial temperature 35T
Initial time 3 min,
4 0C/min,
Oven Rate
10.0C/min,
Final temperature 220C
Run time 30 min,
Type Flame ionization detector
Detector 5
Temperature 250C
Injector Temperature 200C
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Fig. 5. Chlorine decay at different temperatures,

Table 4, The composition of sampling and measuring points in study area

Sampling points YJ Pump SP Water SY Water DA Water KA Water NH Water
Measuring item Station Reservoir Reservoir Reservoir Reservoir Reservoir
Length from Y 0 15,857 22,418 30,659 39,216 40,254
pump station (m)
pH 6.57 7.30 743 744 737 6.83
Temperature (C) 84 85 80 8.1 77 73
Conductivity (us/cm) 189.0 1764 1770 179.7 186.9 1922
Residual Chlorine (mg/L) 0.68 0.59 057 055 0.50 044
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Table 5. Correction of chlorine decay coefficients
Section Chlori:]e decay coefficient Measured Predicted Retention time Error
Kpuk (@7 Kwai (M/d) value (mg/L) value (mg/L) (hn) (%)
YJP. S* — 0.79 0.79 — —
SPW, R* -0.32 0.57 0.57 7.89 —
-0.1872
DAW R~SYW. R, -012 0.59 0.59 943 —
M, P**~DAW,_ R, -0.05 0.51 0.51 13.22 —
*P.S. : Pump Station, ** W, R, : Water Reservoir, ** M. P_ : Main Pipeline
Table 6. Verification of chlorine decay coefficients
Section Chlori:]e decay coefficient Measured Predicted Retention time Error
Kpuk (@7 Kwai (M/d) value (mg/L) value (mg/L) (hn) (%)
YJP. S* — 073 073 — —
SPW, R* 01056 -0,32 0.53 0.57 7.26 -7.55
DAW. R~SYW. R, ’ -012 054 0.55 9.90 -185
M, P**~DAW,_ R, -0.05 0.46 047 14.20 -217

*P.S. : Pump Station, ** W. R, : Water Reservoir, ** M. P : Main Pipeline
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Fig. 9. Residual chlorine simulated results of the worst condi-
tion (Second case).
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Table 7, Chlorine residual concentration of each reservoir after rechlorination at YJ pump station

First Case Second Case
Section Residual Chlorine Retention Time Residual Chlorine Retention Time Condition
(mg/L) (hr) (mg/L) (hr)
YJP.S* 1.07 0.86
SPW, R* 0.70 7.82 0.56 7.66
SYW.R. 0.68 9.84 054 10,10 Flow rate : 33,097 m'/d
DAW. R, 0.54 13.82 0.40 1477 Temperature : 25
KAW._ R, 0.51 15.64 052 951
NHW._R. 0.40 19.61 0.41 14.09

*P.S. : Pump Station, ** W, R, : Water Reservoir
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Table 8, Chlorine residual concentration of each reservoir after rechlorination at main pipeline before SP water reservoir

First Case Second Case
Section Residual Chlorine Retention Time Residual Chlorine Retention Time Condition
(mg/L) (hr) (mg/L) (hr)
YJP.S* 0.76 0.76
Rechlorination Site 0.87 0.71
SPW.R™ 0.69 3.34 0.56 3.22 Flow rate : 33,097 m/d
SYW. R, 0.67 553 0.54 587
DAW.R, 053 9.83 0.40 10.90 Temperature : 25°C
KAW._ R, 0.51 11.83 0.51 522
NHW_ R, 0.40 16,18 0.41 10,18

*P.S. : Pump Station, ** W, R. : Water Reservoir
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Fig. 12, Results of rechlorination at main pipeline before SP
water reservoir for (a) first and (b) second operate con-

dition,
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