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pstract -

The application of linear programming mod
) elto imi ;
net)lc%fl /; :?hse%iic'oﬁf’ﬁ;g:t?d in this paper. Thzrsa thméz'i;"’afer supply in a water distribution
i ; ) e

Z}E;he pipes connecting the r\'Ang ff;rmun,ty to meet the demgniigg‘iﬁgsrzzl'gez(:w;fw ré;te t/(:
poth considered. The problem MC reatment Plant and the Reservoir in the coinmuen,/?te ‘:/Vge
solved using a@ computer softw as fransformed into a linear programming Pfobfemy then
3180.38m’per day was Obtainedare' A new flow rate of 0.03681 m’/s with a volume of
2400.192m’ per day. The resu/tof?f?: Isﬁint/hli o Id flow rate of 0.02778m/s with @ volume of
Water Works of the community in boosting watern ;%‘%‘;f;ntzgc;rgjéﬁg to the management of

ds: Water, maximize, linear programming, flow rate

Keywor

Introduction

The Maximum-flow problem for water distribution system network was considered in the
| amount of flow of

flow problem is a problem that maximizes the tota
to the sink. It entails finding a maximum possible flow through a single-
source, single-sink flow network. The increase expense of investment for different Water
Distribution System elements makes long-term network planning an important problem
(Kekatos & Vassilis Singh, 2019).Lack of sufficient water in the community is gradually becoming
an all-time high. It has become a source of concern to water distribution managers, water

resource management scientists and the public.

study. The Maximum-
water from the source

The most important thing for the continual existence of life on earth after air is water, it
is on this note that this research is been focused on water supply. The importance of
life. It has been observed that

water cannot be over-emphasized, especially in human
distributed in the community under study which has

water has not been properly | _ _
d of the residents, hence the aim of this research is to

consequently affect the deman her
propose maximum flow rate for the water distribution network of Bosso.Zone .E1
iqeria within the budgeted cost with a view to improving

d the world have tried to assist

community, Niger s
water supply to community. Many researchers aroun :
water management scientists with information to boqst water supply to the reS|_dents
among them are: Mohammad and Samani (2015), In this study, optimum design of
mricpal walsr disiibuton, PR o ob proserted U LR has

i acti ' obtain :

programming. 11 ojec fgni%tle'r(]g'/:;tborosio ot al, 2015) is @ water network
n structure for which all
| mathematical model was a

the least total cost. Presen e mbTt
optimization problem that retained the EIrOJeC:‘[t_Ir?; 8;2;‘300”1”‘0
sub-problems had fixed integer variables. :

Mixe% Integer Nonlinear Program havingd a r\c,:om(rgg?sfit::gt:(;‘;erg%ﬁ;?'s”g“trt‘i‘?]‘g (‘;‘ﬁfé

Y , ibed. Dimri an am

ﬁ(&)’cvair:Igﬁqgé:'pe:téic?sesacrlbe_d I y that could be used to reduce the delay, to
maximize the arewount of flow and for optimu™ network resource ?t'l'zat'on' Vieira et
al, (2018) proposed a new inear relaxation for @ ~on-linear integer programming
formulation for Water

Scanned with CamScanner



0,

{j Journal of Science, Technology, } fathematics and Edzcation (JOSTMED), 76 (4), Dec,
’ e'n

tems in order to optimize its operar::ior; ?lost§. Comprehens;ve

e s rted in the following researches:
tion network has also been'r8p0 g1 Ches:

glosgt))u(lBello et al., 2015), (Bonvin et al., 2017), (Candelieri et al,, 2018(36‘”2

2019),(Kurian et al, 2018), (Zhang & Zhuan, 2019). a|

oetal., 2015), (Bonvin el al., 2017), (Candelieri et g/, 201)
’ , (Che
Ngt
)

Distribution Sys

Ameyaw et al., 2013), (Bell

2019),(Kurianet al., 2018), (Zhang & Zhuan, 2019).

Materials and Methods
The data used in this research was collected from Bosso Water Works, Niger gt
a

The record contains the detailed network flow of the water distributi &, Nige,
community as show in Figurel. em o \
g

SKETCIL STIOWING BOSS0 DISTRICT E WJZONEE1 @

Figurel: Skt_etch of Bosso District, Zone E1
(Niger State Water Board)
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Figure 2: A
Water Dls:trlbution Network of B
(Niger State Water Board;’sso' Zone E1
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rable1: €2 pacity of pipes ygegq and th 005D 16 ), cember 2001
SIZE OF PIPES Cirflow rate
—  75mm IPE CAPAC
100mm py ITIES OR FLOW RATE (m/s)
pvc 0.01325306387 o
100mm G I 0.02356123805
150mm 0.01883824788
300mm A C 0.03887643155

0.1268107409

ormulation of the Linear p :
Eigure 3 is the basic water distriggtriammmg Model
sssociated flow rate calculated baseg on pipe
ca
Figure 3,15 3 directed graph G (V £ i _
distinguished nodes (vertices):th()evzgﬂrieset Of vertices Vandaset of edges E. Thereare two
capacity ¢, for every edge Eije)( In ourfor,rr?u?m-j the sink, t. Each edge has an associated
put rather, we introduce an auxliary edge ( ation, nodes do not produce or consume flow,
flow along this edge. By doing s . g' 5 9) W'th_ no capacity limit and we aim to maximize
) = . gso, we lndlrectly maximize f| f .
E. This flow maximization problem is then transf L ro_mtto sthroughfthe edgesin
with the objective of maximizing total flow betwe: Yl o e P e probler
acities, i.e. the flow value i n S and T with the restriction of the edges
cap ! Vvalue in an edge cannot exceed the capacity of the edge and the total
flow cost cannot Pe higher than the given budget. The flow variables are obtained from the
dlrected graph as: Xoi Xoa Xiz Xoa Xog Xuzy Xys) Xy Xser Xz60 Xrgy Xog X550 Xgo LHESE represent the flow
from node 0 to node 4 as x,,, the flow from node 1 to node 2 as x,,, the flow from node 2 to node
3 as X,,, the flow from node 2 to node 6 as x,, the flow from node 4 to node 3 as x,,, the flow
from node 4 to node 5 as x,,, the flow from node 4 to node 7 as x,,, the flow from node 5 to
node 6 as x.,, the flow from node 7 to node 6 as x,,, the flow from node 7 to node 8 as x,,, the
flow from node 6 to node 8 as x,, the flow from node 3 to node 5 as x;; and flow from node 8 to
node 0 as x,, respectively. Here, the variables are the flows on the edges. We have two types of
constraints in this network which are Capacity constraints and Flow conservation constraints.

(i) For the Capacity constraints:

With constraints xo; < 0.02356123805, Xos < 0.01325306387, X2 < 0.03887643155,
X3 < 0.1268107409, X6 < 0.01883824788,X35 < 0.1268107409, x43 < 0.0132_5306387,
X5 < 0.02356123805, X7 = 0.02356123805, Xs6 < 0.1268107409, Xss < 0.1268107409,

X7 <0.02356123805, X7 < 0.02356123805. ‘
(ii) For the Flow conservation constraints:

s valid for nodes other than the source and the sink.

flowing out of a node
on) = 2 (flow out of n).

The flow conservation constraint i
Total flow flowing into a node = Total flow
ie.vnoden(n#Sandn#T):2 (flow int
back to source S which is from the
to the Reservoir (sink). We then represent the nodes
Water Treatment Plant be node 0, School be node 1,

0 uncti n rt de 4
ction be node 3, Bosso Cou be node 4,
Along Bosso - Zungeru Road be node 2, J e arters e " ’

oosso Junimaat Mosgue Junction :e node > Ioir be node thus, We denote the artificial
Umaru Audi Road Junction be node 7%
flow from node i to node j @s Xi

We then introduce an artificial flow from sink T

Water Treatment Plant (source)
as variables. From Figure3, et

| o1
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X1z Xo3n X2 Xaz Xa5, X7, Xse, X7, X, x,
have that the flow into SOUrc’e B x,
a0

Oy,

variables: Xo, Xo4
rvation constraints, W€

ted by equation

Thus, we have the flow
Xso. From the flow conse
out of source as represen
(1)
Xoo = Xa + Xo4 . ' .
The flow conservation constraints are.
Xo1 = X12
X1 = X3+ X6
X23 = X35

S
Xog = Xa3+ Xa5 + Xy7 ( (2)
X;5 * Xa5 = X56
Xs¢ + X76 = X8 )
Xe7 = X76+ X7 B

—_—

where x5 < 0.02356123805, Xo+ < 0.01325306387, X2 < 0.03887643155, Yo,

0.1268107409, Xz < 001833824788, X35 < 0.1268107409, Xaz < 0.01325306387, Xis <
0.02356123805, x5y < 0.02356123805, X5 < 0.1268107409, Xes < 0.1268107409, X
<0.02356123805, Xz < 0.02356123805.

Thus we have the linear programming model as:
Maximize Z = xy; + Xo4 (3)
subject to flow constraints: Xor = X1z _

—
X12 = X3+ X6
X3 = Xss
Xog = X3+ Xg5 + Xyg7 4)
X35 + Xq5 = Xog =
Xs6 + X756 = Xes
Xa7 = X7s+ Xrs

g

with Yo < 002356123805, xos < 001325306387, x2 < 0.03887643155, Xy <

0.1268107409, x25 < 0.01883824788, %35 < 0.1268107409, x45 < 0.01325306387, Xis§

0.02356123805, X4, < 0.02356123805, xs < 0.126810740 <
<0.02356123805, x5 < 0.02356123805. oo = 01268107409 2

Results and Discussion

We proceed to solve the linear Programming problem by expressing it in its standard

form as:
Maximize Z —x
01_x04_0X1?‘0X.,—0 — p R
Xos = 0 X756 — Oxy5 =0 ) = X35 = x4y — Oxys — Oxyy — (();')’h
Subject to xpr x> =0 ™
X1r— Xo3 = X6 =0

Xor— X35=0

Xor—= Xaz = Xys — Xi7=0
X35 + Xqs—~ Xs6 =0

Xs6 + X7~ Xgg = 0

Xar= Xzs= X4=10

—
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here Xo1 < 002356123805
0.1268107409, Xz < 0.01883532;%8S 0.01325306387, x;, < 0.03887643155, Xz =

002356123805, Xo7 < 00235612305 1 - 200107409, Xy < 001325306387, X1s S

' 0
2002356123805, X7g < 0-02356123835 Xss < 0.1268107409, xg < 0.1268107409, X7

colving the above equation using |
below Ing LiPS com

(XU], Xo4 X]Z, Xz_}, XZE, X35, X3I 7
0,004721 0-01884, 0'00472,40l0‘]’.5§2§17,

puter software, thus we obtain the solution

K Xy 1 x) = (0.02356, 0.01325, 0.02356,
,0,0.00472, 0, 0, 0.00472).

mESOPttI:;al :aal:ier11f:)r:1the objective function is Z = 0.03681m3 /s

accor’nmodate within th:atl)lsz gotten is the maximum flow .that the system can

from the system as geted cost. That is the maximum flow that can be gotten
compared to the former rate of 0.02778m3/s.

Conclusion
endof 0 i :

ﬁtctr:se i Su;glsot?gj;t't%g, tWe obtained our optimal solution as 0.03861'/5. This shows an

eet the demands of the |OFaI demand is not fully met. The facility has not been able to

10000’ daily. With thi -peoplein the community. The daily demand is estimated to be about
y. Withihis increase flow rate, which is 3180.38cubic metres per day against the

old flow rate of 0.02778m’/s with a volume of 2400.192 cubic metre per day, Bosso Water

works should be able to provide more water to its community. '
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