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Abstract

Abnormal condition inevitably occurs during operation of water distribution system (WDS) and requires the isolation of certain areas
using isolation valves. In general, the determination of the optimal location of isolation valves considered minimization of hydraulic
failures as isolation of certain areas causes a change in hydraulic states (e.g., flow direction, velocity, pressure, etc.). Water quality
failure can also be induced by changes in hydraulics, which have not been considered for isolation valve system design. Therefore, this
study proposes a new isolation valve system design methodology to prevent unexpected water quality failure events. The new
methodology considers flow direction change ratio (FDCR), which accounts for flow direction changes after isolation of the area, as a
constraint while reliability is used as the objective function. The optimal design model has been applied to a synthetic grid network and
the results are compared with the traditional design approach. Results show that considering FDCR can eliminate flow direction changes
while average pressure and coefficient of variation of pressure, velocity, and hydraulic geodesic index (HGI) outperform compared to
the traditional design approach. The proposed methodology is expected to be a useful approach to minimizing unexpected consequences
by traditional design approaches.
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Fig. 2. Flowchart of proposed methodology
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Table 1. Single objective optimal design results
Average
. # of Valve RelAvg RelAvg FDCR sysRob sysRob sysRob
Scenario (Segment) | (w/prob) | (wo prob) Sh((l);ts“;ge (tot FDC) normSHGI (Vel) (HGI) (P)
S1-1 36 (16) 0.880 0.877 420.23 0.0 (0) 0.877 -0.015 0.635 0.620
S1-2 36 (14) 0.898 0.859 480.26 2.5(21) 0.857 -0.300 0.599 0.550
S2-1 48 (24) 0.925 0918 280.15 0.0 (0) 0918 0.183 0.705 0.688
S2-2 48 (23) 0.928 0915 288.22 1.8 (25) 0912 -0.355 0.670 0.661
S3-1 61 (35) 0.942 0.945 186.69 0.0 (0) 0.945 0.444 0.757 0.745
S3-2 61 (34) 0.950 0.943 195.77 1.1 (23) 0.940 -0.199 0.734 0.698
S4-1 73 (40) 0.948 0.957 146.78 0.0 (0) 0.957 0.466 0.774 0.763
S4-2 73 (45) 0.961 0.958 144.30 1.4 (38) 0.953 -0.138 0.766 0.752
S5-1 85 (46) 0.953 0.966 115.29 0.0 (0) 0.966 0.514 0.789 0.780
S5-2 85 (51) 0.967 0.966 116.19 0.8 (25) 0.963 0.148 0.785 0.769
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Fig. 7. Layout and optimal design results of branched network
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