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SUMMARY

The water supply system is a set of facilitiesated to a functional unit with the primary aim of
ensuring sufficient quantities of quality water e most economical way. Design and implementation
of such systems requires extensive previous relseard analysis aimed at finding the optimal sohuti

of water supply system.

This paper presents an analysis of the presspadipé of the water supply system in which discdsse
several alternatives with different input paranmetdt is shown the influence of the position ahe t
number of tanks in the system on the basic paemnstich as a pressure in the pipeline, power mppu
units and so on. It's analyzed the impact of chang diameter of the pipe to the hydraulic paranset
and also to the initial and operating costs of ghstem. The main aim of the complete analysi® is t
establish a uniform depending of the analyzed eitémin the system and finding the optimal
parameters and their relationship that provide riwst appropriate solution from the technical and
economic aspects.
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INTRODUCTION

Among the many areas of modern technology aimedising of living standards, urbanization of

settlement and development of the industry, watgrply has a significant place. Supplying the

population with clean and quality water has a digamnt hygienic importance because it protects
people from various diseases that are transmitfeddter. The insurance and bringing enough water
in the stream is raising general living standarfipeople and arrangement of environment. Water
consumption is even greater if the water is easitgessible. To meet the needs of modern
multimillion cities it requires significant amount$ water that are daily measures by the milliohs o

cubic meters [1].

In order to ensure the necessary amount of wadenel as high health (sanitary) quality of drirdgin

water, special attention is paid to the choice atural water sources, their protection from
contamination and the possible need to improve mauality (water treatment) to the water supply
devices. Today, in the world of healthy and cleatewless, mainly due to continuous pollution. On
the other hand, there is increasing demand anduogton of new water resources, due to the
increase in population and the capacity of indysaigriculture, energy and others. To define the
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required amount of water is necessary as comptgtsiaderation of all potential consumers (and even
the very water loss from water supply network), eihtonsume water for various purposes. To ensure
enough water to supply the population, the same te@raw from natural sources, and adequately
transported to the consumer. Selection of watercesuwater intake) to a large extent depends @n th
natural conditions of the location, and the avddatmount on the area under consideration.

In accordance with the characteristics of the waitake is selected and the appropriate water guppl
system of the village, or a way to transport wéethe consumer.

If you take into account that the construction ofwater supply system requires a significant
investment, and very often their own operating £asin be quite large (eg. with the propellant
system), select the optimal water supply systemesgmts a significant step in the realization @hsu
projects. Therefore, it is necessary to conduatailed prior research and extensive analysisrteear
variant solution with minimal initial investment éroperating costs gives a technically satisfactory
solution.

This paper analyzes the pressure pipe water sigysiem, in which water is transported from the
intake to the reservoir. The aim is to reach arinmgdt solution that will meet all pre-specified

parameters thereby taking into account a numbenfafencing factors characteristic for a given
location and selected water supply system

ANALYSIS OF WATER SUPPLY SYSTEM

In the planning and design of water supply systéth@village special attention should be paid® t
choice of the optimal position and characterisb€sndividual objects within the system. For this
purpose, have been analyzed two variants of thervegtstem of the same villagEhe first variation
involves the abstraction of water from the wateake and transport thereof by the three-stage
pumping water to the reservoirs, R, and R that are used in the water supply by gravity setént.

The second option is similar, except that it trelaéstwo-stage pump water to the reservoiraitd R,
which means that in this version omitted a onerveée Below is an analysis of both the variant
solution, and comparative analysis of those vasetith a focus on pressure pipeline system.

As a basis for the analysis is selected water supydtem of the village Sjenina and Sjenina Rijeka,
which is located about 10 km northeast of the t@fvBoboj, on the right side of the river Bosna. For
the analysis were adopted the following input patems[2]:

- population that is planned to supply water is®B660750 households

- planning period is 30 years

- rate of population growth is 1%

- specific consumption of the thresholds is betwEgd+-180 | / capita / day

- coefficient of daily unevenness; k 1.50

- coefficient hour unevenness; & 2.00

- fire water Q= 10,00 I/s for 2 hours for the fire (industrigipdications)

- fire water Q= 5,00 I/s for 2 hours for the fire (other purpgise

- equalization for the reservoir area k=0.3%%(.y reservoir area plan about
the same for all three or two zones.

The population at the end of the planning periodftar n-years is defined §$i:
S =S {1+ ﬁjn
P 100
S - population at the beginning of the planning pelri

k, - rate of population growth (1.0%)
n - number of years of the planning period
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Average daily water consumption is calculated adiogrto the formula:
Qs =05 [N
Osp - Specific water consumption (liters/resident/day)
N - population

Maximum daily consumption:
Qmax,day = er [kd
kq - coefficient of daily unevenness

Maximum hourly consumption:
Qmax,h = er |:kd |:kh
k, - coefficient hour unevenness

Table 1 shows the required amount of water for maipply of settlements, for the planning period of
30 years, presenting the the basic input paranfmtsizing and analysis of the water supply system.

Table 1: The necessary quantities of water for icemgplanning period

Planning period | Number | Spec. consumpt. Qs Q e day L Qs
of spec (I7s) (I/s) (I/s) (I7s)
resident | (l/resident/day)
Begining 3000 150,00 521 7,81 15,62 10,00
After 10 years 3314 160,00 6,14 9,21 18,40 10,00
After 20 years 3660 170,00 7,20 10,80 21,60 10,00
After 30 years 4044 180,00 8,43 12,65 25,30 10,00

PRESSURE PIPELINE WITH THREE-STAGES PUMPING WATER

The first alternative solution represents a presgipe with three-stage pumping water to higher
levels (figure 1). Water abstraction is carried gutthe existing reservoir volume V=500,00 m3
belonging pipework neighboring village, locatedataltitude of 196.5 meters above sea level. As par
of the cover member chamber of the reservoir ludt pump station PSthat deliver water to the
reservoir R, located at an altitude of 262.60 m above sed {@vaximum water level in the tank). The
length of the pipeline from RSo R, is 4 455,00 m. As part of the cover member chanabehe
reservoir R it is located pump station RP&at deliver water from the tank;,Roy pressure pipeline
length of 622.00 m, further to the reservoi \Rth maximum water level at an altitude of 312,.50
meters above sea level. From the reservgiviR a pumping station BSwater is transported to the
reservoir R via pressure pipeline length of 365.22 m. The whaeel in the reservoir Ris 367,00
meters above sea level.

Water supply of the settlementis is carried outrfrine tank R R, and R, by gravity, through the
distribution network. Considering the position dfet tank settlement it is divided into three
distribution altitude zone. The lower zone (I) awgplied with water from the reservoig,Rentral
zone (ll) is supplied with water by gravity frometlreservoir R while the upper zone (zone Ill)
supplied with water from the reservois.ROne part of the zone lll is supplied with watgrdravity,
while the second part (at higher altitudes) supplith water through the booster station (UPP)
located in the reservoirsR

The main pipeline from the pumping station,R& the reservoir RPS should be sized to flow
Qmax,day: 12,65 I/s.
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Fire consumption for this type of settlement is2(®x2,5=5,00 I/s for residential premises. Buthia
same area there is a gas station and other conahécilities that reuires the amount of fire water
Q=2x5,00=10,00 I/s in the lower zone, while middledaupper zone, according to the type of
settlement, should be covered with smaller diantegdrantg4].
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Figure 1: Hydraulic scheme of the three-stage pressipeline

Since the water supply system formed in threeualéitzones, it is estimated that the lower zonegzon
) belongs 35% of Q. dayand 35% of Qaxn central zone (zone 1) 30%pEd dayand 30% Qaxnand
the upper zone (zone Ill) 35%,Q dax@nd 35% Qaxn

Table 2 shows consumption of water by individutitwde zones for the planning period of 30 years.

Table 2: Distribution of water consumption by hypiric zones

Hypsome | Qmaxday | (%) | Cons. by zones| Qmaxn | (%) | Cons. by zones Fire
tric zones | (l/9) Qmax,day (I/9) (I/s) Qmaxn (I/9) Qi (I/s)
(zone ) 12,65 35 4,43 25,30 35 8,86 10,04
(zone 1) 12,65 30 3,80 25,30 30 7,60 5,00
(zone 111) 12,65 35 4,43 25,30 35 8,86 5,00

PRESSURE PIPELINE WITH TWO-STAGES PUMPING WATER

The second variety of water suply is a two-stageewsupply. Water is pumping by pipeline to the
reservoirs Rand R, from where the water is transported to the sutlg by gravity (figure 2). Since
the water supply system was established in thehiight zones, with about the same population, it is
estimated that both zones belongs to the 50% @fi& and 50% of Q.. Table 3 shows
consumption of water by individual hypsometric zoihar the planning period of 30 years.

Table 3: Distribution of water consumption by hyperic zones

Hypsomet | Qmaxday | (%) | Cons. by zones | Qmaxn | (%) Cons. by zones Fire
ric zones (I/s) Qmaxday (I/9) (I/s) Qmaxn (I/9) Q(I/9)
(zonal) 12,65 | 50 | 6,33 25,30| 50| 12,65 10,00
(zonall) 1265 | 50 | 6,33 25,30 50| 12,65 5,00
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Figure 2 shows the hydraulic scheme of water suppbfem with specified an elementary hydraulic
parameters.

ZONA I

I

ZONAI

Figure 2: Hydraulic scheme of the two-stage prespipeline

ANALYSIS OF THE THE RESERVOIR VOLUME

In previous chapters, were analyzed for two altitreasolutions of water supply system of the

settlement. It was analyzed the necessary quasttityater, pipeline diameters, pressure lossesédn th
pipeline and calculation of water hammer in oradegét data of the maximum pressure in the pipeline
as a result stationary and unstationary flow ofenat

For the tree-level system of pressure pipelineddiieee tanks with a total volume of reservoir gpac
V,,, = 250+ 200+ 250= 70000 m*

In the second version was dropped one reservoithadhe total volume of useful reservoir spane, i
the two-level system, is:

V,, =330+300= 63000 m?

It is evident that the second variant solution nezgusmaller storage space for 70 m3 comparedeto th
first variant (figure 3), which represents savithgsh in initial construction costs of the systend @m
the maintenance of the system.

Volume of reservoirs

700,0

650,0

600,0

Volume (m3)

550,0

500,0

Variant 1 Variant 2

Figure 3: The required volume of the reservoirtf@ considered variants
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OPTIMIZATION OF PRESSURE IN THE PRESSURE PIPELINE

In the stage of planning and designing of watepbupystem an important issue, which is necessary
to consider, is analysis of the maximum and mnirhatmessures in the pipeline. The pressure in the
pipeline, for the stationary flow, is caused by dgtac height that must be overcome and the loss of
pressure in the pipeline. Pattern of of pressussdg5]:

2 2
AH = A0 +segl
D 2g 29

It is evident that the total losses depend onype bf pipe material\j, the length of the pipeline (L),
diameter pipe (D) and the speed of flow of watepipes (v).

One of the main goals in the planning stage ignash as possible, to reduce the loss of pressure,
especially in the pressure pipe. This providesrmggvin operating costs of pumping water (less the
manometer head), as well as lower the required mainpressure of the pipeline (lower pipeline cost
price). So, for the type of pipe material and givke length of the pipeline section, it is possitde
reach the optimal pressure in the pipeline by vara in diameter pipes (therefore flow rate),.
Therefore, the analysis is done for a relation betwthe diameter of pipes and pressures in the
network, considering of water hammer. The resarésshown in Table 4.

Table 4: Impact of change in diameter of to therhytic parameters of the pipeline

Diamet. | v, | Linelosses| Man. height | Pow. of pump | Hummer [ H min
(mm) (m/s) | AH (m) Hman (M) P (kW) Ah (£m) (m) (m)

DN 225 | 0,50 11,42 98,62 16,03 18,76 117,38 79,86

DN 200 | 0,62 21,20 108,40 17,62 23,25 131/65 85/15

DN 180 | 0,76 36,69 123,89 20,13 28,49 152/38 95}40

DN 160 | 0,97 68,24 155,44 25,26 36,73 191,87 119,01

According to the formula for pressure loss, flowers directly proportional to the value of lines$es,

it can be concluded that reducing the diametehefgipeline causes an increase in line losses. The
ratio of diameter pipes and line losses is showrTable 4, a functional dependence of these
parameters is shown in the graph (Figure 4).

AH (m) AH=f(DN) ; Hman=f(DN)
180,00

160,00
140,00 .\

120,00 \-\1\

100,00 —m —m—Hman =f(DN)
80,00 . —— GH=f[DN]
60,00
40,00 \

20,00 \ —
0,00 | | |
160 180 200 225 DN (mm)

Figure 4: Dependence of line losses and manometghthof the pipeline diameter
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The total manometer height is the sum of the géodetad, the sum of all losses and the level in
expired (in this case the height of g&5/0 m).

Figure 4 shows the relationship of the manometaghh@nd diameter of the pipeline, where it can be
noted that reducing the diameter of the pipelinesea an increase in pressure, or, according
manometer height.

As the manometer height directly related to theuiregl pump power, and consideration the
previously defined relations of manometer heigltt drameter of the pipe, it is clear that the reeghir
pump power is inversely proportional to the diametkethe pipeline [6]. So reduction in diameter
causes an increase in losses (therefore manonetdnt}y which results in an increase in the reqlire
pump power to overcome given height.

Figure 5 shows the functional dependence of theeliar of the pipe and the required pump power.

P (kW) P=f(DN)
30,00

25,00 .

20,00
—+—D=f(DN)

15,00

10,00 |
160 180 200 225 DN (mm)

Figure 5: The ratio of pipeline diameter and thguieed pump power

In the previous section are defined and analyzdivislual flow parameters for the steady flow of
water in the pipes. But at the stage of putting imperation or in the sudden stop operation of pump
(loss of electricity, etc.) comes to temporal chesgf speed and pressure in the pipeline. Thisdype
flow is described by a mathematical model of unstary flow. In the case of sudden changes in the
flow rate, it may cause a significant increase @spure in the pipeling,8]. This phenomenon is
called water hammer (figure 6).

H (m)

250,00
200,00
150,00 :k\l

\l\. —B—Hmax=F(DN)
0000 el T == Hman=f(DN)
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Figure 6: Pressure as a function of diameter pipes
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The occurrence of water hammer is analyzed faraabkidered variants, and were defined the value of
the maximum and minimum pressures. Obtained resuésshown in Figure 6 for four analyzed
variants of pressure pipe P@n variants of two-stage pumping).

(Received september 2017, accepted r8bpte2017)
CONCLUSIONS

The aim of the present study was to reach the aptsulution of the pressure pipeline and related
facilities (reservoirs, pumping stations, pipeliresl equipment etc.) by using a detailed analysidl o
parameters. It was performed an analysis of separalmeters that significantly affect to the techhi
and economic characteristics of a water suply saysBy the analysis of required reservoir space can
be concluded that the solution with two-level sgsie more favorable because it requires less storag
capacity of the reservoir, which as the econompeeisbrings savings of about 10% of investment in
the construction of reservoirs in the system. kl& important to note that the maintenance dests
lower in second version, as it contains one reseless.

It's also analyzed the pressure in the pipes,ringef adopted diameter pipelines and power of the
pump units. If we take into account the price ataie diameter pipe with one hand, and the price of
energy to run the pump units on the other handplyiman be done and economic analysis of
alternative solutions.

As for the operating costs of the system, it carcdrecluded that a system with two-stage pumping
water requires a slightly higher power pump aggieegyén relation to tree-level system. This means
that the operating costs are higher for two-stagagp However, if we have regard that each system
has a constant inflow of financial resources duarpgloitation (collection from consumers), in certa
circumstances, the initial cost of building theteys is more important for analyze of justificatifam
certain varieties of water supply system.
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