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Abstract. This study aims to optimize water distribution in a water supply network. One of the most
important objectives for every waterwork plants is to minimize water loss in supplying system. The water
supply network in Thailand is underground work and most of them have used for many years. Leakages are
normally met especially when high pressure are required from demand side. This research will classify
13,580 households living around Hat Yai waterwork plant of Provincial Waterworks Authority in Hat Yai
branch in Songkhla province as a demand side and put 5 water sources of Hat Yai district as a supplied side.
EPANET program is used to simulate water distribution networks and SCADA application is selected to
design controlling system. The result shows that water supply at the Hat Yai waterwork plant should be at
least 48 meters to upper Hat Yai zone, however, booster pump may help reducing original water head to 40
meters into high-level areas. Hat Yai waterwork plant decreases energy consumption from pumping
processes and also reduce water loss in water distribution system.

1 INTRODUCTION

Thailand population is 70 million people. About 10
million who live in Bangkok (capital city) get water
supply from Metropolitan Waterworks Authority, but 67
million people who live in other provinces use water
from many sources such as Provincial Waterworks
Authority, village water supply or ground water. Water
quality and quantity are both necessary issues to think
about as well as the reduction of water supply’s
operational costs. This research focus on how to be
quantified water to people who live in urban area such as
Hat Yai district, Songkhla province (Southern part of
Thailand) and minimize energy consumption from
pumping process. 852.80 square kilometres of Hat Yai is
shown in Figure 1 and there are 404,365 population [5].

Water distribution process normally pump treated
water up to high tank tower and let water flow down to
particularly houses. However, this pumping process
consumes high energy to storage large amount of water
upon high tank tower [1]. This transmission process has
to be prepared and ready to use either consumers need or
don’t need water supply. Distribution process will be
installed and separates water supply to each household
via piping system. This process might cause energy lost
in this transmission and distribution systems.

Piping system in Thailand, especially water
distribution is underground work having used for many
years. We might not fully trust them 100% quality.
Leakage can appear in everywhere, so water may lost
depend upon pressure in pipeline. The more we can
reduce pressure, the more we can deduct water lost in
water distribution network [2].
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Our team design another way to reduce energy
consumption and water lost in water distribution
network. We will not use high tank tower but compare
demand with supply sides. Realtime model of 13,580
households (demand side) and 5 water sources (supply
side) are simulated via EPANET program. Needing
pressure will put on SCADA application to control water
pump at the original station. Furthermore, some high-
level areas may need more pressure from booster pumps
[4].

The result of this study will improve water supply
distribution networks, especially for urban areas to
reduce energy consumption and water leakage along
with water flow in pipe.
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2 Methodology

This research surveyed 13,580 households, who
lives in Hat Yai district, Songkhla province, to get
elevation, population, and water consumptions within
440 days. Data is approximated to demand of water
consumption per hour. Base demand is calculated by
approximated water consumption 100 litters per person
per day and four persons for each household. Figure 2 in
used to descript this research methodology [9-11].
Collected data has been put on EPANET program to
build up water demand model [6]. Figure 3 shows
elevations for each sample point. All areas have
difference elevations, and we will consider them as
upper streams and lower streams areas.

Surveying to collect data.

|

Programming to compute real demand in

EPANET.

|

Putting on SCADA application to

implement system.

|

Adjusting pressures.

Fig. 2. shows this research methodology.

EPANET is used to simulate each period of water
pressure related with water flow for specific location.
Figure 4 shows simulated water pressure for each sample
point. According to collecting data, waterwork plant
must use 48 meters (water pressure) at the upstream and
downstream will put different data related with real
elevations. Furthermore, EPANET is used to simulate all
water pressures at different elevations. A main pump,
installing at the start point, must provide at least 48
meters to get enough water pressure at all areas. In
November 2022, waterwork consumed 110,112.00 kWh
and lose 42,769 m? Our assumption is Hat Yai
waterwork plant should reduce both electricity
consumption and water lost by using booster pumps in
specific areas.

SCADA (Supervisory Control and Data Acquisition)
application as license program is used to control and
adjust water pressure in water distribution system. Water
will be supplied to Hat Yai’s population within their
demands. Figure 5 shows SCADA application that uses
to control pumping system and water pressure for the
upstream station.
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Fig. 3. Elevation of 13,580 households living in Hat Yai
District, Songkhla province.
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Fig. 4. Water pressure for each sample spot.

Figure 5 shows a relation between water pressure
f(x) in meters and flow rate (x) in cubic meter per hour is
in polynomial equation [9-11].

fE)=anx"+tan x™ + . taxitax' ta (1)

Equation 1 represents a function of water pressure of
base demand (cubic meter per hour) for each household.

We put default value through the SCADA
application by using base demand the pressure for each
period by using base demand (calculated by equation 1).
As a result, we must input some pressure value in
accordance with the output equation, and the pressure
value determined by this equation is referred to as the
desired value or set value.

The total flow rate input and pressure transmitter
sensor are used to measure the pressure in the water
supply network. By means of the master flow meter
directly linked to the function equation, we refer to this
as feedback or actual value.

Any discrepancy between these two signals, the
feedback or real value and the setpoint value, denotes
our error. Based on this comparison in the form of real
time function, the equation controller will produce
results and send the output to the vary speed pump via
the SCADA Application.
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Here, we use the variable speed pump to regulate the q % «q 5d sd 1
water supply flow to maintain the water supply network's
pressure. The controller output function equation used
here determines the position of this variable speed pump.
To meet the Base Demand in each pattern period of tap el
water demand, the process' response time is dependent
on three values: proportional gain, integral time, and
derivative time.

To control exceeding energy consumption of
pumping and protecting piping system, we must adjust
inputting elevation data. For example, minimum

elevation is h,, maximum elevation is h; and the %0}
difference elevation data is less than or equal to vary
speed pump (hy).
Fig. 5. The relationship between water pressure and
hg < hm - hy @) flow rate
hm 2 O (3 ) 7d .
ha >0 (4) 1]

All elevations will input as constraints via SCADA
application as shown in Fig. 6. 2

Both upstream and downstream pumps are adjusted
water pressures shown in fig. 7 and the elevations are
also controlled. Minimum energy consumption of water
pump is optimized and shows in equation (5) “

min(OBJF)zmin[Zn:EUi + EDij %)

i = 1.... n are time, EU is energy consumption of
upstream pump, and ED is energy consumption of
downstream pump.

Time is another variable affect energy consumption and 10
flow rate. We need to supply all consumer demands,
however, different period of time will have different
demand. On-Peak times are 05:00 — 10:00 am and 4:00 —
10:00 pm are high demand but we must control
exceeding energy consumption. Off-Peak times 11:00 30]
am — 04:00 pm and 10:00 pm — 05:00 am are lower
demand and we can reduce energy consumption.
Optimization model is used to minimizing energy
consumption subjected to elevations constraints. Various
pumps are controlled real time via SCADA application

Fig. 7. Result from SCADA Application used to
control water pressure.

shown in fig. 8 and 9. Many areas we could use booster pumps to improve
water pressure in specific times (peak load) and specific
locations. We don’t need to supply high pressure at the
upstream for all water networks.
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Fig. 8. The SCADA application is setting water pressure for
the upstream station at various times.
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Fig. 9. SCADA application controls water pressures
at pumping system

3 Results and Discussion

Collected data has shown significant information about
different demand of Hat Yai population related on
different period. It is no need to put on high energy to
storage large amount of water on high tower. Booster
pumps are installed between the upstream and
downstream to push the water and thoroughly serve
water to the downstream users [8]. Fig 6-8 show demand
site, example, area of 14 kilometre’s diameter. If we
install boosters pump at between 7 kilometres, we will
not need to transmit huge amount of water on higher
level. Booster pump will operate at real time and reduce
exceed energy consumption. The average suppling
pressure of the upstream is 48 meters simulated from

EPANET program. However, many points at the
downstream location can reduce demanding pressure to
40 meters [7]. SCADA application will control pumping
system following solution of EPANET and reduce 22%
of energy consumption.

Clearly, 18% of water loss will also reduce when
water pressure is reduced in piping system. Many
locations reduce water pressure between upstream and
downstream from 48 to 40 meters in this case.

4 Conclusion

Investigated the problem of optimal control of water
distribution networks without storage capacity. The
author chose programming to compute real demand in
EPANET and putting on SCADA application to
adjusting pressure. The author proposed energy
consumption and water loss will also reduce when the
upstream water pressure is reduced in water distribution
network.
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