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Abstract: Most of countries have been suffering from thelybem of water quality requirements.
Automation control plays an essential role in wateatment plant that secures the necessary
gualities and quantities of water with high levélefficiency. This paper presents the real-time
control systems that measure the water paramdtes, accordingly adjusting the addition of
chemical materials used in water treatment. Sendevices readings are used as inputs to the
microcontrollers and PLC. An algorithm was desigrniedcalculate the required doses from
purification and disinfection chemical materialsheTl control system has been successfully

simulated; therefore the obtained results proverétiability and applicability of the system with
more advantages at similar areas. .
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Introduction

owadays there is a growth in population, and in tbguirements to provide adequate drinkable water

supplies with the hygiene conditions (Osman, 20kbyrder to attain these requirements, the neestgea

to apply automation control system in the wateatireent plants to assure a higher possible quafity o
treated water.
Most modern factories have adopted automationderaio provide better quality control and to meeanhnrfacturing
standards of today (Dotoli, 2017). However, autaomatontrol is being now a crucial part of any depenent
system (Cecilio, 2013). In this era, the recenblion brought the market with one of the mostcgical, cheap
and simple to configure a computerized device wh&hProgrammable Logic Controllers (PLC) (Chakrapor
2016). As shown (See Figure 1), the system hdgyatai be connected with input instruments whiale avidely
used for measuring any parameter or via outputtra@ting the mechanism of any system that is urmsgration.
The inputs such as sensors respond to the physipat applied and give the electrical output thatries
information (McGrath, 2013). The outputs represeériig an actuator, which is a component of a macttiaé is

responsible for moving or controlling the mechanismthe system, according to the tasks issued bg PL
(Vanderborght, 2013).
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Figure 1: Control System Demonstration
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To communicate with peripherals, the PLC startedguwired cables. Later, the wireless technology wevented

and being used as one of communication mediumseeXBodule is the most common in use as a datantities

and a receiver wireless device. It is resiliensyeeonfigurable with other XBees in a network, amnpatible

interfacing with computers and microcontrollers &8¢un, 2016). In such systems, in order to redheeoverload
on the PLC, the microcontrollers as programmabpritfoutput electronic circuits can be used to camya vast
range of tasks (Simpkins, 2013). Therefore, itdeduas an interface device to communicate dataseitisors and
communication module.

Thewater treatment

The standards of water quality and quantity areesgary for survival and reduce the risk of disedbe main
health problems associated with drinking water aonihation are caused by insufficient water for eyg purposes
and consumption of that contaminated water (WHQ420There are two standards defined for water Iyupp
standards. The first standard involves the quanfityater, while the second standard regulateseptality (Ray,
2014). The minimum amount of water for safe andthga@onsumption is summarized by around 7.5 td.itérs of
water per person per day. Water quality is a seamgnstandard, according to the (Ray, 2014). Ondemguantity
has been assured, water quality should be imprtwvedduce the risk of dysentery and other disedd®s.quality
parameters include Coliforms, Turbidity, and Chierresidual are specified as the minimum standhatanust be
met by water treatment technologies.

Therefore, this work intends to enhance the qualitwater treatment plant by controlling its affagt parameters
using measuring instruments that adjust the otatifbn and disinfection chemical materials additiBasides, the
instrument’s readings are used to determine the tigeded for water to stay in sedimentation basesdo regulate
the production.

Proposed Control System Design

To implement this system, a control system usif}.@ has been suggested to accomplish this prooessiér to
raise quality to the best possible level withoususie of chemical materials. Mainly, the modificatfocuses on
improving the quality of treated water in plantngimeasuring instruments to measure parametersffieat this
quality. Depending on the readings, the accurateesidrom chemical materials which are used for wate
sedimentation e.g. Poly Aluminum Chloride (PAC) atidinfection e.g. Chlorine gas (CI2) will be detémed
(Okuda, 2014). Accordingly, pumps are used to inghe corresponding doses to the water. Therefibres
important that automated system must efficientlykvMo guarantee the healthiness of the produceérwptevent
possible fatal error or even disasters that miffectpeople, as well as, to reach the maximumllef@roduction
(Haight, 2005). Figure 2 illustrates the water plstnucture and the samples of control instrum#émas should be
installed (Ali, 2007).
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This section gives the general description of tlewetbped water treatment system. The system centhi@
proposed control to be implemented as demonstmatejure 3.

In the control system the sensors, with differemictions has been used. Sensors used to read tudtielity, flow

rate, pH, and resident chlorine are connected ttlréo microcontroller. The microcontroller useddasigned
algorithm to calculate the required doses fromifitcation and disinfection chemical materials todmled to water

in real-time application mode, and sends appropr&gnals to the central PLC via a wireless comgation

module. The PLC generates the corresponding oyiplses and communicates with actuators that gotlegn

working dosing pumps. These dosing pumps have marage of flow rate in litters per hour (I/h) (Mit, 2017).



42 Ali / OIDA International Journal of SustainatiDevelopment 10:09 (2017)

§ s Chemical Injector Chemical Injector
3 )
= [ (0]
4 - Pump (PAC) for Clarification Pump (CIg) for Disinfection
g 13
3 1o =
1 1
1 1
Ts / : : Fs
{(. : : SWs l}
1 1
[ +—p
l— — {
1 Ggﬁ" %%
1 1
[ Clean Water Reservoir
Vo Sludge 5
[ - ®
[ 5 €
1 1
b & g VL A 4 # * >
1 1 g
1 1 (%] w oo
L 3
1 1
1 1
1 1
1 1
Lo To Backwashing ¢
1 1
[ e ——
L 5 =
Ts: Turbidity sensor Comm. module Communication

module XBee

Adding
Clg.s: Chlorine Sensor Chemical PAC

Fs: Flow meter sensor I

Microcontroller

pH.s: PH. sensor FST TST Clgt_,, T

Sedimentation Step

SWs: Power switch sensor

Figure 3. The Proposed Control System for Wateaffnent

The following is a designed algorithm works to cddte the required doses from purification and ndésition
chemical material used in water treatment plants.

Algorithms; Water clarification and disinfection materials calculation

For 1=0 to & g
input: read (Ts1 +Ts2 ) | read (Fm1 +Fm2 ) | read (Ref-ci2) | read (Fm3) | read &/ pose)
Calculate:
Ts Average (T_‘.'l Tsz )
Fy, Average (le +Fimz ]
Convert water rateWrara) to water vqumeI{Vm:uma)

- W

volumel = ratel .t

W

To distribution
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w - W,

volumeZ = rate |

Clarification (e.g. Ploy Aluminum Chloride) injéan)

Calculate the dosing Clarg,,.

Clar,,.., = Ref.p .. X Tg X W,

volumel

Set injector control pulsepci

Calculateinjection time Ty
Clarggse

Tii = Injector «ore
Output: pulse controPc1 (To drive injector)

Pgy - pulse modulationffz'l Ty )
Disinfection (Residual chlorine injection)
Calculate the dosing (Dldnsej
Didr:rse = Ref'f!! * Wvo!uma!

Set injector control pulsepcz

Calculateinjection time Ty

Digose
TEZ = Injecter rore

Output: pulse controlPcz (To drive injector)

P, - pulse modulationf'fz'z 2Tz )
End

Results and Discussions

In this section the results obtained from the satiohs of the model developed using MATLAB will peesented.
The modeled system was successfully executed. ifmdagion program fed with measured data of wateality
values, and then generated the required dosesiimfodes of injection methods at differ in times.

Figure 4 shows the time relation between the flate rand the injected doses of materials in mg/le $ystem
collects the values of turbidity and flow rate mi@s of 10, 20, 30, and 40 Seconds. These obta@eting values
are feed the modes from one to four consequentdgoAding to the equation used in the model modkelinjected
purification material was due to the optimal doges is presented (See Figure 4) with black grapfe system
injected doses in the other modes (2, 3, 4) vdrima the required value in respect to the timeeddhces specially
in mode 4 (green graph). For example, in case dfitér/Sec flow rate, mode 4 injects excess matdry around
30 mg, mode3 injects less material by around 20whgle at 80 litter/sec flow rate, mode 4 injeasd material by
around 60 mg from the reference mode (model). Ttrereaccording to the frequent changes in watdridity and
flow rate, the injection at higher rate (mode 1jksly to be accurate and close to optimal dose.
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Figure 4: The Relation in Time Between The FloweRatd The Injected Doses

Figure 5 illustrates the efficiency of the four nesdaccording to the change in flow rate and ranglalaes of
turbidity. In model as nominated to be the optinederence mode, the efficiency represented (Seeré&if) by
(black graph) bounded between 83 to 87 % , sottleasystem in mode 1 is likely to be stable. In m@dwhich is
represented by blue graph, the efficiency is bodnietween 80 to 90 % but there are large fluctnati The
remaining higher modes gave unstable and pooiefifiy fluctuated between 0 and 95 % .
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Figure 4: The Relation Between Injection Efficieraoyd The Flow rate
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Conclusion

The paper addressed the problem of misuse of clatmiaterials in water treatment plants caused dxyufent water
quality changing. The readings of turbidity, floate, pH, and resident chlorine sensors are uséapats to the
microcontroller and PLC. Then a designed algorithsed to calculate the required doses from puriinaand
disinfection chemical materials and added to watex real-time application mode. The developed rabrgystem
has been successfully evaluated, where the obtaimedlation results prove the applicability of thgstem to
replace the traditional Jar Test which conductsyets@o hours in water plants. It can be concludeat tvhen the
system reads and injects in high rate (mode ®jillibe more accurate and come close to optimal.
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