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A Development of Supply Performance Indicator in a Water
Distribution System Using Fuzzy Sets and a PDA Model
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Abstract

The water distribution system is an infrastructure system supplying water to urban areas. Since it has a great influence on the
quality of life and financial aspect of customers, the performance evaluation of the system for an efficient management and operation
is essential. Until now, most of the suggested performance indicators for the system are based on the available demand and pressure
at demand nodes obtained from the hydraulic simulation. However, those performance indicators based on the hydraulic simulation
may not consider the actual usability of water for customers properly. Therefore, in this study, the application of fuzzy functions
along with the available demands at demand nodes, which are obtained from the hydraulic simulation, from the various points
of view, makes us possible to evaluate the system performance by depending on the set value of the variables. For this purpose,
we use a PDA model, which can simulate various abnormal operation conditions and suggest two performance indicators: the possible
water supply range indicator (PWSRI) for the water supply performance evaluation for an individual demand node and the possible
water supply indicator for the entire system (PWSIES). The suggested method and indicators are applied to the real water distribution
system of A-city in Korea to verify the applicability.
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Table 1. Characteristic of Fuzzy Membership Function (Gary et al., 2010)

Membership Function Description Definition
wu(z) =0, ifz <min, p(z)=1,if 2 >max,
. A linear increasing or decreasing membership r—mi
Linear : otherwise p(x) = w
between two inputs. (max —min)
where, max and min : user inputs
1 1
. . . Large: p(z)=——— / Small: plz)=——
Large Sigmoid shape where large(small) inputs have 14 (o 1+ (Eyh
(Small) large membership 2 2
where f, : spread, f, : midpoint
bs .
MS Large: p(z)= 1_—7+b ifz >am
MS L Sigmoid shape defined by the mean and ramaos
arge .. . :
g standard deviation where large(small) inputs MS Small:u(x):lfL ifz >am
(Small) h 1 bershi x—am-+bs
ave large memberships otherwise () =0,
where m: mean, s : standard deviation, aand b : pultipliers
i 1
Near A curved peak of membership over an plz) = —, where f, : spread, f, : midpoint
intermediate value 1+ £ (@—fy)
Gaussi A Gaussian peak of membership over an e )
aussian _ S - - midpoi
intermediate value ulz)=e , where f, : spread, f, : midpoint
Somehwat Applied to slightly adjust a membership Somewhat: Square root of membership
(Very) function Very: Membership squared

Table 2. Comparison of DDA and PDA Hydraulic Analysis

DDA

PDA

Primacy of Hydraulic Analysis

Nodal Demand

Nodal Pressure

Available Demand

Customers Demand

Calculated by HOR

Reliability in Abnormal Condition

Low

High

Application

Normal operating condition

Normal/Abnormal operating condition

Drawback

Produce unrealistic results in
abnormal operating condition

Requires extensive field data
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Table 3. Classification of Supply Range Performance Indicators

Class | Fuzzy Membership Value Note
! 0.80 - 1.00 Well Supplied
2 0.60 - 0.80
3 0.40 - 0.60 !
4 0.20 - 0.40
5 0.00 - 0.20 Poorly Supplied
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Table 5. Calculated Performance Indicator of A City's WDS (Case: Res 1 break, f1=7, 2=0.5)

Node Demand | gy | Avilible Rate | Welghtng Facor| ol |,
(CMD) ! Value (u(z))
3002 533.28 0.00 0.00 0.003235 0.00 0.00
2960 961.84 107.86 0.11 0.005835 2.85E-05 1.67E-07
2261 1.51 0.34 0.23 9.16E-06 0.003742 3.43E-08
1406 6.05 3 0.50 0.00004 0.485481 1.78E-05
3229 416.72 117.47 0.28 0.002528 0.017783 4.5E-05
1136 499.75 499.75 100 0.003032 0.992248 0.003008
7177 885.29 885.29 100 0.00537 0.992248 0.005329
Total 164,841 124,368.76 73.6 1.00 0.7324
Table 6. Available Discharge PI Value
/1(Spread) /> (Mid-Point) Possible Water Supply PI
Linear - - 0.7363
Largel 40 0.1 0.7928
Large2 5 0.3 0.7670
Large3 7 0.5 0.7324
Large4 20 0.7 0.7129
Large5 40 0.9 0.6578
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