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Development and Application of Real time Control Model of

Water Supply Safety Control System in Small Towns
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Abstract: Low guarantee rate of water supply safety in small towns is caused by of the occurrence of too many water sources,

water supply systems, water supply enterprises, and administrative departments. Based on the concept of H azard Analysis Critt

cal Control Point (HACCP) ,a reat time control mathematical model of key nodes of water supply was developed. The mathe

matical model adopted the water yield, water pressure, and w ater quality of key positions in the water supply system as input de

ta, and compared them with the design values in the water supply system and those presented in the national standard and then

. . . ra . . . .. ..
assigned appropriate values to them. On one hand, when the sum of assigned values was 0 , it indicated that the critical position

. . n n " n
is normal. On the other hand, when the sum of assigned values was greater than 1 or equal to 1 ,an alert can be reported for

the corresponding position. A pplication of the model on the water supply safety in a small town was analyzed, which suggested

that the mathematical model is of important significance to decrease the risks in the process of water production, process, and

transfer in the water supply system, and therefore to improve the guarantee rate of water supply safety in small towns.
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1 HACCP
Table 1 Implementation of HACCP plans for water source
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Table 2 Hazard analysis and critical control points of the water plant process
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3 HACCP
Table 3 HACCP plan form of water plant process
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Table 4 Hazards analysis of water distribution system
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Fig. 1 Schematic diagram of the m athematical

model with control points
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Table 5 Test results of water quality and hydraulic characteristics at the critical control points
T ( d) _ ZH A , \

FEJi(m)  HE(LPS) pH M FEEE/ (mge L) B/ (mge L) FAP (mge LY BMEE/ (mge L)
1 20.0 49.2 7.1 0.7 2.4 0. 20 205 390
2 19.9 49.3 7.3 0.8 2.6 0.21 202 389
3 10 49.1 7.2 0.8 2.4 0.22 211 395
4 20. 1 48.8 7.4 0.9 2.4 0.18 208 394
5 20. 1 48.9 7.2 0.7 25 0.19 208 394
6 20.2 48.9 7.2 0.7 2.6 0.19 209 390
7 19.8 48.9 7.2 0.7 25 0. 20 210 382
8 19.8 35 7.3 1.5 25 0.21 211 387
9 19.9 49.1 7.3 0.8 2.6 0.19 211 389
10 20.2 49.1 7.4 0.9 2.4 0.19 207 389

6 My= O, RRIEFIEIT; y 21 I, 0%,

Table 6 Judgment criteria of normal operation for

corresponding param eters at critical control points

ZH T X b AL
) 15< Ps< 25 sgn(x1)
Hliis 45< (s< 55 sgn(x2)
pH 6.5< pHs< 8.5 sgn(x3)
i Zs< 1 sgn( x4)
FEE CODs< 3 sgn(x5)
7S Fes< 0.3 sgn( x6)
iy Cls< 250 sgn(x7)
R 5 Ys< 450 sgn(x8)

ST A R T AR YO, X B L sgn () HE
TR : TE RN, sgn(x,)= 0; SEHIN, sgn(x,)= 1. XF Ss | 4
R EHE AT iR BORAE, WL 7.

7 sgn(x)

Table 7 sgn(x) function.

R £
1R () sgn sgn sgn sgn sgn sgn sgn  sgn

(x1) (x2) (x3) (x4) (x5) (x6) (x7) (x8)
1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
3 1 0 0 0 0 0 0 0
4 0 1 0 1 0 0 0 0

4.4 FHHE

FeR 7 R E sgn (v ) BEATINFI

) 12X 21
y=f(§Xf)= ¢ (4)

0 XX,=0
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Table 8 Calculation example
L
I TE)( d) ii:Xj v
1 0 0
2 0 0
3 1 1
4 0 0
5 0 0
6 0 0
7 0 0
8 2 1
9 0 0
10 0 0

5
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