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ABSTRACT

The partitioning of water distribution systems (WDS) into segments and district metered
areas (DMASs) provides various management benefits for system operators [1,2]. These
benefits include, for instance, improved pressure management, more efficient leakage
control and effective isolation of network parts in cases of pipe breakages or equipment
failures. All this, in turn, increases system reliability and resilience [3]. Identification of
network segments depends mainly on the distribution and location of valves in a given
WDS. In general, valves are used for controlling flow conditions (i.e., pressure and flow)
and for isolating a failure area due to pipe breakage/equipment failure or contamination
events.

In this paper, a methodology is proposed to identify network segments (i.e., sets of pipes
and nodes) that belong to an individual valve or a set of valves. The methodology is
developed based on the basic network topological matrices (i.e., node-link connectivity
matrix, valves topological matrix) [2]. In comparison to other existing methods, the
proposed methodology has able to produce all segments for a given WDS in single
network run without introducing pseudo valves, pipes and auxiliary valve matrix [2,3,4]
or performing hydraulic analysis. Additionally, it is very simple for computer coding and
does not require the user to have extensive programming knowledge. Figure 1 shows the
steps for the methodology and segmentation results obtained on a simple network under
a hypothetical pipe failure scenario (i.e., burst pipe p2).

The methodology has been further validated and demonstrated on the well-known C-
Town network [5]. The results show that the approach is capable of identifying both
regular segment valves association and unintentionally isolated segments [4] in an
accurate and efficient way. A regular segment is a part of the network (i.e., nodes and
pipes) that contains the failure element to be isolated from the rest of the network (e.g.,
pipe failure), which needs to be repaired or fully replaced. While an unintentionally
isolated segment is the portion of the network that is separated from water source(s) as a
consequence of isolating a regular segment (as shown in Figure 1). Due to its generic
nature and relative simplicity, the proposed methodology has the ability to create network
segments in an automated way from network input data, e.g., by reading and
automatically processing the relevant data from the EPANET2.0 input file. The
methodology proposed, therefore, lends itself naturally to tackling practical problems,
such as determining strategic and optimal location for isolation and PRV valves, WDS
reliability, and response approaches to network failure events.

Keywords: network segmentation, isolation, valve, segments, unintentional segments


mailto:haam201@exeter.ac.uk

Source (s) Regular

segment

Unintentional
segment ——.

\ \
1 ni . *
P \ 7\ /8 p3. I3
AT p—
vl| v2 o /
| r P Target valves to isolate pipe failure
p8 || P4
Graphical [y * Failure location
representation ne B ~ J|n4
y — |

6 P B

Pipes representation Valves representation Valves representation

pipe  Node 1 Node 2 valve Pipe Node valve Pipe  Node
v s oM vi p1 nt V3 p1 nt
p2 n1 n2 v2 Pg n1 52+ p2 n1
3 n2 n3 v3 P n2 3 n2
Input network data s e v 5 ns s3 e
representation 5 na ns Vs p7  ns s4- P75
p6 n5 n2 v6 p7 né V6 p7 né

p7 n5 n6 ~_ 7

p8 n6 n1 -
8. Valve-segment association

pipe-node connectivity matrix (AC) valve-node connectivity matrix (VC) deficient matrix VD
s nl n2 n3 nd n5 n6 s nl n2 n3 n4d n5 né s nl n2 n3 nd n5 nb
pT 1 1 0 0 0 0 0 pT 0 1 0 0 0 0 0 pT 1] o] Tof Jo o o
p2 0 1 1 0 0 0 0O p2 0 1 0 0 0 0 © p2 o] 0| A |0 0 |0
: p3 0 0 1 1 0 0 O p3 0 0 1 0 0 0 O p3 |0 0| 0| |1 o |o
Mamces_ p4 0 0 0 1 1 0 0O p4 0 0 0 0 0 0 O p4 |0 o] of |0 0 |o
representation p5 0 0 0 0 1 1 0 p5 0 0 0 0 0 1 0 p5 |o| o o |o 0 0
p6 0 0 1 0 0 1 0 p6 0 0 0 0O 0 0 O p6 |0 0| 0| |0 a e
p7 0 0 0 0 0 1 1 p7 0 0 0 0 0 1 1 p7 |0 0| 0| |0 o |0
pB 0 1 0 0 0 0 1 pB 0 0 0 0O 0 O O p8 0] A o] [0 o |1
s1 85 s2 83 83 s2 s5
Regular segment valves association identification as follow: V4 m=4
1. Construct valve-deficient matrix VD=AC-VC. p1 p2 p3 pd p5 p6 p7 pé 7. Nodes belong each segment
2. Convert VC matrix to one column element matrix VP, which is pt-a[[o[ o[ o[ [o[ o[ [o] ©
obtained by removing zero columns from matrix VC and then p2—-6-+—1) 10| |0 0| 1] 0| O
itti i i p3 o) |1 1 o| 0| 0 v* for ACS?
splitting columns having more than one element with one value b
- ] pd <0101 |1 1 0 0| O T o3 o4 o5 o7 o8
to columns with only one element having value one. p5 o1l 1 1] ol o] o p1_p3 p4 pS_ p7_ pi
3. Construct incidence matrix C=[VD|VP]. P60 1 oo o 1] ol o P; - ? ? ? é ;
4. Construct identity matrix I, with size np*np (where npis p7 000001} 0 EA ) b o 11l ol lo
number of links in the network). P8 6710718710110 U P50 1| 1| 0] |0
. . _ T . e _ . A
5. C‘aIcuIate aQJacency matrix LV=C x C" -2I; LV(i,j)>1=1 s1 2 83 83 83 2 s4 S5 P; NN g g g 1 1
6. Pipe belonging to each segment can be calculated as follow: pe -l [9] R
m —. ul
calculate V™ =(LV-2I)". . 6. Pipes belong each segment sul su2 su2 su2 sul sul
where m is the maximum allowed pipes belong segment (e.g.,
for our example is three). 2
. N AC®
7. For each pipe belonging to segment read non-zero element
value from VC and read the corresponding node to the ,"11\ "63 "g‘ f;be,
segment. 0" il 1o |6
8. Identify valves for isolating for each segment from valves o |1 |1 o
o o] |1 |0
Unintended segments identification: ? g g 1

1. For each regular segment, construct new AC matrix by removing pipes and nodes belong segment for
example for s2 AC will be as shown in matrix AC% .
. Apply steps 5,6, and 7 considering LV=AC% x [AC*?] T-21, and read value for nodes in matrix AC*%.
3. Segments that do not contain water source nodes are considered unintentional segments. In our
example it is su2 when isolating s2.

su1 su2 su2 su2 sut

~

Figure 1. General framework for segmentation methodology
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