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1. INTRODUCTION

Water is at the head of the materials we need for our lives. In recent years, while the human population has increased three fold, the demand for water has increased six fold. This requires careful management of the limited source of water, emphasizing the importance of water distribution systems, cleaning up the wastewater and recycling. In water distribution systems, unwanted conditions can occur during transportation from water pipes. At the beginning of these cases, water from the pipes in the water distribution system is the fugitive. Water leaks can be caused by various parameters such as the age of the pipe, the pressure of the incoming water, and the radius of the pipe. Different methods can be applied to detect leaks in the water distribution system and to intervene in the identified leaks. In water distribution systems, it is necessary to estimate the condition of the system and to discharge the wastewater deposits according to daily water needs. The amount of water per day and the amount of water required are recorded in the system and are predicted for the next day. This prediction provides a decision support system by making an estimate based on water demands. The most important factor in planning and operating the water distribution system is to meet consumer demand. This aims at providing the user with a sufficient amount of water at a reasonable pressure and thus a reliable water distribution system. Effective operation and management of a water supply system requires short-term water demand estimates.
The scope of the Water-M project is to enable the creation of new products and services to create a unified water trade model that will benefit European Union water stakeholders. Water-M project combines real-time monitoring and operational control, service-oriented approaches and event management mechanisms in the field of water management. Using the two user interfaces for the project, the simulation program is implemented and the results are analyzed. With the application prepared within the scope of the project, the leakage of the pipes in the water distribution system is determined, the amount of water that will be released by the plants as waste in the future is estimated and an appropriate decision support system is established. The following section provides information on system design. Section 3 describes the parameter selection interface, the simulation program in Chapter 4, and the result analysis interface section in Chapter 5. Section 6 describes the manual. In the last section, the results of the application are given.
2. SYSTEM DESIGN

The proposed system mainly consists of parameter selection interface, simulation section and analysis interface. At the parameter selection interface, the parameters required for factory input are selected. In the simulation section, a system consisting of 5 factories was designed. The designed system uses the values from the parameter selection screen and runs through the specified simulation time. The simulation program was created with the help of MATLAB Simscape Toolbox. The Reynolds coefficient is calculated to estimate the water leaks in the pipeline during the simulation and forecasting work is done with forecasting methods. Once the simulation is complete, the analysis interface is opened and the system results are graphically analyzed. The interfaces in the designed system are done using MATLAB GUI. The general operation diagram of the system is given in Figure 1.
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Figure 0: General System Algorithm

System technologies and used methods are described detaily at below. 

2.1. MATLAB Simscape Toolbox
Simscape Fluids™ [1] (formerly SimHydraulics ) provides component libraries for modeling and simulating fluid systems. It includes models of hydraulic pumps, valves, actuators, pipelines, and heat exchangers. You can use these components to develop fluid power systems such as front-loader, power steering, and landing gear actuation systems. Simscape Fluids also enables you to develop engine cooling, gearbox lubrication, and fuel supply systems. You can integrate mechanical, electrical, thermal, and other physical systems into your model using components from the Simscape™ family of products. Simscape Fluids helps you develop control systems and test system-level performance. You can create custom component models with the MATLAB based Simscape language, which enables text-based authoring of physical modeling components, domains, and libraries. You can parameterize your models using MATLAB variables and expressions, and design control systems for your hydraulic system in Simulink . To deploy models to other simulation environments, including hardware-in-the-loop (HIL) systems, Simscape Fluids supports C-code generation. Simscape elements are shown in Figure 2.
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Figure 1: Simscape Element Titles
The pipe components in Simscape Fluids enable you model flow dynamics within the pipe and heat transfer with the pipe wall. You can model engine cooling, oil transportation, and other fluid systems. You can add or neglect physical effects, such as compressibility, fluid inertia, and wall compliance, to fit the level of model fidelity to your design task. Phenomena such as water hammer can be reproduced using these components.

Simscape Fluids provides directional, flow control, pressure control and other types of valves. These components enable you to include thermostats in heating systems and valve manifolds in lubrication systems. You can create custom valve designs by assembling variable orifices and other restrictions into a new component.

Fluid Transportation: Simscape Fluids enables you to design fluid transportation networks. You can determine required sizes of pipes, pumps, and tanks for applications such as water supply, fuel supply, and machinery lubrication systems.
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Figure 2: Simscape Pipe Elements
Pipes: Simscape Fluids provides pipe components for use in systems where the difference in elevation affects the pressure at nodes in the fluid network. These components enable you to model water supply networks, aircraft fuel systems, and other fluid transportation systems. Pipe elevation can vary during simulation to model systems that move, such as aircraft. You can also enable effects such as friction losses, fluid inertia, and fluid compressibility.

Tanks: Simscape Fluids provides tank components to model pressurized tanks and reservoirs. These components enable you to track the volume of fluid in applications such as water supply networks and transmission lubrication systems. You can use these models to determine design control algorithms, refine requirements for pump sizes, and determine steady-state flow rates and pressures. 
2.2. Forecasting Methods
There are a lot of system forecasting methods in literature. In this project three of them which are autoregressive model, moving average model and weighted moving average model was used. 

Auto Regressive Model (AR): AR model is created by using MATLAB, ar(p) code. Many observed time series exhibit serial autocorrelation; that is, linear association between lagged observations. This suggests past observations might predict current observations. The autoregressive (AR) process models the conditional mean of yt as a function of past observations, yt−1,yt−2,…,yt−p. An AR process that depends on p past observations is called an AR model of degree p, denoted by AR(p) [2].

Moving Average (MA): Mean of time series data (observations equally spaced in time) from several consecutive periods. Called 'moving' because it is continually recomputed as new data becomes available, it progresses by dropping the earliest value and adding the latest value [3]. There are several moving average methods which are seasonal, nonseasonal, exponential and weighted. 

Weighted Moving Average (WMA): When using a moving average method described before, each of the observations used to compute the forecasted value is weighted equally. In certain cases, it might be beneficial to put more weight on the observations that are closer to the time period being forecast. When this is done, this is known as a weighted moving average technique. The weights in a weighted MA must sum to 1 [4].

2.3. Leak Detection

One of the most important events in water distribution systems is that the water reaches the target correctly. This demonstrates the importance of leak detection in water distribution systems. The Reynold's coefficient is used to predict leak detection in the system. The Reynolds number is dimensionless and describes the ratio of inertial forces to viscous forces in a flowing fluid. It is used in many fluid flow correlations and describes the boundaries of fluid flow regimes (laminar, transitional and turbulent). The formula used to calculate the Reynold's coefficient is given below [5].
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            (1)

Vs: Fluid speed

D: Diameter of pipe
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: Dynamic viscosity of fluid
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: Density of fluid

2.4. Purification

The most important part in wastewater management is the process of cleaning and reusing the waste water. For this, the system goes through certain stages. The steps of the system are as shown in Figure 3.
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Figure 3: Waste Water Purification Process
The phases of the system are detailed below.

Waste Waster Input(Phase1)

· Level sensors at the point where waste water intake is performed

· Rough Gratings collect objects larger than 3 cm

· When there is more than 1000 m3 of water, the level sensors are switched on and the second grid is operated

· Rule 1: If the level sensor is working, enable the second grid

GridIron Oil Holder (Phase2)

· Thin grill collects foreign matter in large wastewater of 3 mm 

· The water is sent to the sand retainer section where oil is collected by the chain system on the oil water while the sand is settling to the bottom and collected as waste.

Stabilization Pool(Phase3)

· In this pool, the purpose is to collect the mud together with the waste water, this pool is conical, and the mud is collected with a broom rotating in a clockwise direction to collect the bottom mud. At the same time, the pumps adjust the water level and oxygen is supplied.

· Rule 2: Run pump 2 if the water level is 10 m. Run pump 3 if it reaches 15 m.

· Rule 3: If the water is less than 2 mg O2 / liter, activate the blower unit.

Second Pomping(Phase4)

· After Balancing Pool is pumped to Neutralization Pools,
· If the flow rate is greater than 700 L / min, the pump is switched on.
· Rule 4: If the flow sensor information is 700 L / min, run the boost pump.
Notralization(Phase5)

· If the pH sensor data is greater than 9, the addition of Fe3Cl and A2LSO4 is performed.

· Calc is added to condition.

· Sludge bottom sediment and helical pumps and sludge are taken to another area

· Rule 5: pH sensor data> 9 Activate the lime tank pump

Nitrification Pool(Phase6)

· Oxygen information is taken with the probe sensor and 1,5 - 2 mg O2 / L less if nitrogen and phosphorus are added.

· Redox compensation is performed.

· Rule 6: Activate the Nitrogen pumping engine if probe information (O2 sensor) is less than 1.5.

· Rule 7: If the probe information (O2 sensor) is less than 1.5, run the phosphor pump engine.

Biologic Pool(Phase7)

· Blowers (oxygen delivery system) are switched on if less than 2 mg O2 / L.
· Rule 8: Activate Blower 2 if the oxygen probe data is 2 mg O2 / L <.
· Rule 9: Activate Blower 3 if the oxygen probe data is 0.5 mg O2 / L <. 
3. PARAMETER SELECTION INTERFACE
In the parameter selection interface, the initial states required for the plants in the simulation are selected. The parameter selection screen consists of a section where the parameters required for the start-up of the plants are set and a section where the estimation method is selected. After the start conditions are selected, the simulation starts automatically. The parameter selection interface screen prepared by MATLAB GUI is shown in Figure 4.
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Figure 4: Parameter Selection Interface

1. Factory Parameter Selection: This is the section where the initial conditions required for the five plants are selected. The starting parameters for each factory are volume, pressure, water level and pumping station motor rotation speed.
1.1. Volume(m3): Specifies the amount of water contained in the fabric. Default is set to 2000 m3.
1.2. Pressurization(Pa): Specifies the pressure of the water to be discharged from the factory. Default is set to 100 Pa.
1.3. Fluid Level(m): Specifies the level of fluid in the plant. Default is set to 5000 m.
2. Apply: Allows the selected parameters to be transferred to the simulation.
3. SIMULATION PROGRAM
The simulation program was created with the help of MATLAB Simscape Toolbox. In the simulation program, 5 factory systems were created. In the system that is created, there is a pipe with a radius of 0.5 m at the exit of each plant. The diameter of the pipe is then increased to 1.2 m before it is passed to the purification section. Pipes from each plant are combined in the purification section and then transferred to the purification process section. Fluids from the purification process start to fill up the waste water pool and then fill the Porsuk River. If the amount of fluid exceeds the specified level, it is transferred to a waste water pool. At the same time, the values ​​required for analysis are recorded in the simulation program and the results are drawn in real time in the simulation program with the help of the scope. The simulation part of the simulation program is shown in Figure 5, and the analysis part is given in Figure 6. Section 1 of Figure 5 contains the factory systems, the purification system and the waste water pool in Section 2, the system data is recorded in Section 3, and the simulation is done at the specified time. The examination of each section is detailed in the following figures. Section 1 shows volume changes in water tanks in Figure 6, flow rates of fluids in piping in section 2, pressure amounts of fluids in piping in section 3, and Reynolds coefficient changes in section 4 showing the leaking states in the piping. Details are given below.
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Figure 5: Simulation Part
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Figure 6: Analyze Part

3.1. Simulation Part

In this part, system simuation part is analyzed.

1. Factory System: In the system consisting of 5 factories, there are pipes at the factory, pipes to the factory pump station and pipes to the purification system. There are sensors for measuring the flow rate and flow rate of the fluid in each pipeline. Each factories have the same system. For example, the plant 1 system is shown in Figure 7.
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Figure 7: Factory 1 System

1.1. Factory Water Tank: The adjustable parameters in the factory water tank are given in Figure 8.
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Figure 8: Water Tank Settings

1.2. Fluid Type: This is where the liquid type is formed. The content is given in Figure 9.
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Figure 9: Fluid Type

1.3. Factory Water Pump Station: It is the part that indicates the pumping speed of the factory effluent to the pipes. The content is given in Figure 10.
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Figure 10: Factory Water Pump Station

1.4.  Factory Pipes: Pipes in the factory system. The content is given in Figure 11.
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Figure 11: Pipe Settings

1.5.  Pressure Meter: It can measure the pressure of fluid flowing through the pipelines. The contents shown in the Figure 12. 
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Figure 12: Pressure Meter

1.6. Flow Rate Meter: It is used to measure the flow rate of the fluid flowing through the pipelines. The content is given in Figure 13.
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Figure 13: Flow Rate Meter

1.7. Gradual Pipe: It is used to increase the pipe diameter of the pipes coming out of the factory and to form the purification section pipe system. The content is given in Figure 14.
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Figure 14: Gradual Pipe

1.8. Purification Pipes: Pipes in the purification system. The content is similar to that given in Figure 11.

2. Purification System: In this system, purification stages of waste fluids are realized. Purification system is shown in Figure 15.
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Figure 15: Purification System

2.1. Porsuk River: It is the place where the wastewater is discharged. The content is given in Figure 16.
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Figure 16: Porsuk River Settings

2.2. Flow Rate Meter: It can measure the flow rate of fluid flowing through the pipelines. The content is as same as Figure 13.
2.3. Pressure Meter: It can measure the pressure of fluid flowing through the pipelines. The content is as same as Figure 12.
2.4. Porsuk Pipes: The wastewater is piped to the Porsuk River. The content is as same as Figure 11.

2.5. Porsuk Pump Station: It determines the flow rate of the water to be flowed to the Porsuk River. The content is same as in Figure 10.
2.6. Waste Water Tank: Wastewater is collected from the tank after purification. The content is given in Figure 17.
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Figure 17: Waste Water Tank

2.7. Purification: It is the section where the wastewater is cleaned. The contents are the same as in Figure 18.
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Figure 18: Purification Pipe System

2.8. Comparison: The amount in the waste water pool is compared to a certain threshold. The contents are shown in Figure 19.
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Figure 19: Comparison System

2.9. Waste Water Pump Station: It adjusts the rate of the amount of liquid sent from the waste water pool to the pool. The content is as given in Figure 10.
2.10. Waste Water Pool Pipes: The pipes that carry waste water to the pool. The content is same as in Figure 11.
2.11. Waste Water Pool: It is waste water pool. Settings are shwon in Figure 20.
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Figure 20: Waste Water Pool Setting

2.12. To Workspace: It is the section where the amount of waste water is saved.
3. Simulation Time & Data Save: It is the part where the data is aved and the simulation time is set.
3.2. Analysis Part

In this part all datas are saved, showed and graphed. Details are given below.

1. Volume: It measures the volumes of water tanks, waste water pool, waste water tank and Porsuk River throughout the simulation and plots their graphs.
2. Flow Rate: It measures the flow rate of the water in the factory pipes, purification pipes and the water in the pipes going to the wastewater pool / Porsuk River during the simulation and plots their graphs.
3. Pressure: It measures and graphs the water pressure of the factory pipes, purification pipes, pipes leading to the waste water pool / Porsuk River.
4. Leak Analysis: It is the part of the Reynold's coefficient that determines the water leaks in all pipes. The calculated values are measured throughout the simulation.
5. RESULT ANALYSIS INTERFACE
In the result analysis section, all the data obtained at the end of the simulation is graphically provided. The result analysis interface screen prepared with MATLAB GUI is shown in Figure 21.
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Figure 21: Result Analysis Interface

1. Leak Situation at Pipes: Indicates leakages of the pipes.
2. Graph Selection: Selects graphics that can be plotted. Graphs that can be drawn are: pressure and flow rate for pipes, volume for water tanks and leak estimates for pipes and liquid volumes expected in factory water tanks.
3. Parameters: The part where the parameters to be drawn are selected.
4. Plot Graph: It allows you to draw the selected graph.
5. Clear: It deletes graphics.
6. Graph: It is the part where the drawn graphics are shown.
7. Decision Support System: It is the part where the decision support system is provided in the purification stages for the estimated days.
8. Evaluate: It allows the Leak Situation and Decision Support system to be shown.
9. Forecasting Method Selection: This is the part where the water demand of the plants is estimated, the amount of water coming to the waste water pool and the water leakage conditions of the pipes.
9.1. Moving Average: Provides the moving average method for forecasting.
9.2. Weighted Moving Average:  Provides the weighted moving average method for forecasting.
9.3. Auto Regressive: Provides the auto regressive method for forecasting.
6. USER MANUAL
1. The Water M folder on your desktop opens.
2. Double-click the setParameters.m file to open MATLAB r2015a.
3. Write “guide” in MATLAB command window.

4. On the incoming screen, find and open setParameters.fig.
5. Parameter selection is done.
6. Pressed Apply button.

7. Simulation program open automatically.

8. You have to push start button to run simulation.

9. When the simulation program is finished, the result analysis interface opens automatically.
10. Results are analyzed.

7. TEST RESULTS
In this part, all test results are analyzed. In tests, each conditions are implemented. Scenarios setup and test results are shown the following figures. Ideal test is Test 1.
7.1. Test 1

At test 1, input parameters are shown in Figure 22.
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Figure 22: Input Parameters of Test 1

Test results are shown in the following figures.
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Figure 23: Factories Volume Changes and Pipe Leakage Estimations on Analyze Window
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Figure 24: Wastewater Tank, Pool and Porsuk River Volue Changings at Time on Analyze Window
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Figure 25: Main Pipes' Flow Rates on Analyze Window
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Figure 26: Pressure of Factories' Pipes
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Figure 27: Pressure of Main Pipes
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Figure 28: AR forecast of Wastewater Tank
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Figure 29: Factory 1 Pipe Leakage Forecast
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Figure 30: Factory 2 Pipe Leakage Forecast
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Figure 31: Factory 3 Pipe Leakage Forecast
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Figure 32: Factory 4 Pipe Leakage Forecast
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Figure 33: Factory 5 Pipe Leakage Forecast
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Figure 34: Purification 5 Pipe Leakage Forecast
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Figure 35: Purification 4 Pipe Leakage Forecast
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Figure 36: Purification 3 Pipe Leakage Forecast
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Figure 37: Purification 2 Pipe Leakage Forecast
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Figure 38: Purification 1 Pipe Leakage Forecast
When change the Pressure 100 to 50, 100 to 500, 100 to 5000 it doesn’t change anything.

7.2. Test 2

At test 2, input parameters are shown in Figure 39. Fluid level 5000 meter to 1000 meter.
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Figure 39: Input Parameters of Test 2

Test results are shown in the following figures.
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Figure 40: Leakage Situation at Pipes
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Figure 41: Volume Changes at Factories
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Figure 42: Wastewater Volume Changes
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Figure 43: Factory Pipes Flow Rate
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Figure 44: Purification Pipes Flow Rate
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Figure 45: Factory Pipes Pressure
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Figure 46: Purification Pipes Pressure
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Figure 47: Wastewater Tank Forecast
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Figure 48: Factory 1 Pipe Leakage Forecast
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Figure 49: Factory 2 Pipe Leakage Forecast
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Figure 50: Factory 3 Pipe Leakage Forecast
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Figure 51: Factory 4 Pipe Leakage Forecast
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Figure 52: Factory 5 Pipe Leakage Forecast
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Figure 53: Purification 1 Pipe Leakage Forecast
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Figure 54: Purification 2 Pipe Leakage Forecast
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Figure 55: Purification 3 Pipe Leakage Forecast
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Figure 56: Purification 4 Pipe Leakage Forecast
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Figure 57: Purification 5 Pipe Leakage Forecast
7.3. Test 3

At test 3, same as test 1 only purification pipe diameter is equal to 2.0 meter.
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Figure 58: Input Parameter Test 3
Results of Test 3 are shown in the following figures.
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Figure 59: Volume Changes at Factories
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Figure 60: Volume Changes at Waste Water
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Figure 61: Factory Pipes Flow Rates
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Figure 62: Purification Pipes Flow Rates
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Figure 63: Factory pipes Pressures
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Figure 64: Purification Pipes Pressures
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Figure 65: Waste Water Tank Volume Forecast
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Figure 66: Factory 1 Pipe Leak Forecast
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Figure 67: Factory 2 Pipe Leak Forecast
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Figure 68: Factory 3 Pipe Leak Forecast
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Figure 69: Factory 4 Pipe Leak Forecast
[image: image77.png]Leak Stuation at Pipes

Factory Faclory Faclory Factory Facory Phase Phase Phass  FPhase  Phase
Ppel Ppe2 Pped Pped PpeS Ppel Ppe2 Pped Pped  Ppes

Graphs.

——— Factoy 1 7] Factory P 1
Focty2  [WasteTak [ FactoryPe2
Factory3 Waste ol 0 Factory pe 3
Factoy's
Dengeleme Havuzu.

[ Phase Pipe 1
[ Phase Pipe 2
[T Phase Pipe 3
[T Phase Pipe &

[C] Phase Ppe 5

03 SaaieBlower inifesi devreye alnmal
06. saatteBlower litesi devreye alnmal.
07. saatteBlower litesi devreye alnmal.
11, sastteBlower intesi devreye ainmal.
16. sastteBlower untesi devreye ainmal.
22 saatteBlower initesi devreye alnmak

Nirifkasyon

3120

3100

3080

Amplitude

3040

3020

3000

Input-Output Data
v

measured
forecasted

10

15 20 25 30 35 40 45

Time (seconds)
kinci Pompalama

50

Notratzasyon Havuzu

01, saafte Kireg tank pompasi devreye ainmal.
02. saate Kreg tank pompasi devreye ainmal.
04. saate Kreg tank pompasi devreye ainmal.

Havalandrma Havuzu

6. saafteAzot Pompalama devreye ainmal.
22 saafteAzot Pompalama devreye ainmai.

03. saafte 2 Blower devreye ainmal.
06 saate 2 Blower devreye ainmal.
11. sastte 2 Blower devreye alnmal.





Figure 70: Factory 5 Pipe Leak Forecast
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Figure 71: Purification 1 Pipe Leak Forecast
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Figure 72: Purification 2 Pipe Leak Forecast
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Figure 73: Purification 3 Pipe Leak Forecast
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Figure 74: Purification 4 Pipe Leak Forecast
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Figure 75: Purification 5 Pipe Leak Forecast
1.1. Test 4
At test 4, input parameters are shown in Figure 39. Factory pipe Diameter changes from 0.5 m to 0.1 m.

[image: image83.png]FACTORY PARAMETER SELECTION

5

F/

4

F/

3

F/

2

F/

F/

1440

12





Figure 76: Input Parameters of Test 4
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Figure 77: Volume Changes at Factories
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Figure 78: Volume Changes at Waste Water
[image: image86.png]Ppel  Ppe2

Forecast Methods

Hoving Average:

Ppe3

Leak Stuation at Pipes

Pped PpeS Ppel Ppe2 Ppe3

Factory 1 Waste Tank

e Waste Pool
Plot Graph.
Factory 3

Porsuk.
Factory ¢

Factory 5

® Weighted Moving Average

Dengeleme Havuzu

Fpe 4.

Factory Faclory Faclory Factory Factory FPhase Phase Phase Phase  Phase

Ppes.

Graphs.

[ Phase Pipe 1
[ Phase Pipe 2
[T Phase Pipe 3
[T Phase Pipe &

[C] Phase Ppe 5

Auto Regressive.

03 SaaieBlower inifesi devreye alnmal
06. saatteBlower litesi devreye alnmal.
07. saatteBlower litesi devreye alnmal.
11, sastteBlower intesi devreye ainmal.
16. sastteBlower untesi devreye ainmal.
22 saatteBlower initesi devreye alnmak

6. saafteAzot Pompalama devreye ainmal.
22 saafteAzot Pompalama devreye ainmai.

1.04

1.035

1.03

1.025

1.02

1015

101

Faclory 1 Pipe

Faclory 2 Pipe
Faclory 3 Pipe
Faclory 4 Pipe
Faclory 5 Pipe

1500





Figure 79: Factory Pipes Flow Rates
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Figure 80: Purification Pipes Flow Rates
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Figure 81: Factory pipes Pressures
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Figure 82: Purification Pipes Pressures
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Figure 83: Waste Water Tank Volume Moving Average Forecast
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Figure 84: Waste Water Tank Volume Weighted Moving Average Forecast
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Figure 85: Waste Water Tank Volume Auto Regressive Forecast
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Figure 86: Factory 1 Pipe Leakage Moving Average Forecast
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Figure 87:Factory 1 Pipe Leakage Weighted Moving Average Forecast
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Figure 88:Factory 1 Pipe Leakage Auto Regressive Forecast
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Figure 89:Factory 2 Pipe Leakage Moving Average Forecast
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Figure 90: Factory 2 Pipe Leakage Weighted Moving Average Forecast
[image: image98.png]Input-Output Data

Leak Siuation at Ppes. 216 1
Factory Factory Factory Factory Factory Phase Phase Phase  Phase  Phase measured
Fpel Ppe2 Ppe3 Pped PpeS FPpel Ppe2 Pped Pped  PpeS o forecasted
214
g
Factory 1 Waste Tank 8
oa— vt B [l prase ppe 1 s
CIrrmeroe2 B
<
Factory 3 ] Phase Ppe 3
Porsuk 212
Factory 4 [C] Phase Pipe 4
Factory s [ Prase Ppe s -
Forecast ethods
210
s R DT 5 10 15 20 25 30 35 40 45 50
Time (seconds)
kinci Pompalama
Dengeleme Havuzu 05 saaiie Terfi pompasi cagtrimal
03 saateBlower Gniesi devreye alnmal 7 06 _saatte Terfi pompasi calstrimal
06 saatteBlower aniesi devreye alnmal. 07 _saatte Terfi_pompasi calstrimal <
07 saatteBlower aniesi devreye alnmal.
1. saatteBlower inites devreye alnma Notraizasyon Havuzy

16. sastteBlower untesi devreye ainmal.
22 saatteBlower initesi devreye alnmak

B et zot pomplama devreye ainmat a 16. Saatte 2 Blower dovreye ainmal. E
22 seatiehzol Pompslama devreye sinal 2. saatte 2 Bower devreye ainmal





Figure 91:Factory 2 Pipe Leakage Weighted Auto Regressive Forecast
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Figure 92:Factory 3 Pipe Leakage Moving Average Forecast
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Figure 93:Factory 3 Pipe Leakage Weighted Moving Average Forecast
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Figure 94:Factory 3 Pipe Leakage Weighted Auto Regressive Forecast
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Figure 95: Factory 4 Pipe Leakage Moving Average Forecast
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Figure 96: Factory 4 Pipe Leakage Weighted Moving Average Forecast
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Figure 97:Factory 4 Pipe Leakage Weighted Auto Regressive Forecast
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Figure 98: Factory 5 Pipe Leakage Moving Average Forecast
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Figure 99: Factory 5 Pipe Leakage Weighted Moving Average Forecast
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Figure 100:Factory 5 Pipe Leakage Auto Regressive Forecast
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Figure 101: Purification 1 Pipe Leakage Moving Average  Forecast
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Figure 102: Purification 1 Pipe Leakage Weighted Moving Average Forecast
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Figure 103:Purification 1 Pipe Leakage Auto Regressive Forecast
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Figure 104:Purification 2 Pipe Leakage Moving Average Forecast
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Figure 105: Purification 2 Pipe Leakage Weighted Moving Average Forecast
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Figure 106: Purification 2 Pipe Leakage Auto Regressive Forecast
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Figure 107: Purification 3 Pipe Leakage Moving Average Forecast
[image: image115.png]Weighted Moving Average

Leak Stuation at Ppes 7740
Factory Faciory Faciory Faciory Faclory FPhase Pase Pase Pase  Phase 720
Ppel Ppe2 Pped Pped PpeS Ppel Ppe2 Pped Pped  Ppes
o i i i O
7680
Graphs
Factory 1 Waste Tank 7660
. = y o [ Factory Ppe 1 [[] Prase Ppe 1
:| Factory 2 P, [l FactoryPpe2 (] Phase Ppe 2 7640
Pt Graph
Factory 3 F 3
Y — [ Factory Pipe 7620
Factory 4 [CFactoryPipe 4[] Phase Pipe 4.
7600
Factory § [CFactoryPpe s [] Phase Pipe 5.
7580
Forecast iethods.
7560
s SRS e 0O 5 10 15 20 25 30 35 40 45 50
kinci Pompalama
Dengeleme Havuzu 5 saste Terf povpas! GalSHnaL z
U SaaeBwer s devreye sl 7 06 _sastte Terfi pompas: calstrimal.
06. saattBlower intesi devreye alnmal 07 _sastte Terfi pompas: calstrinal. <
07. saatteBlower inesi devreye alnmal
1. sastteBlower lntesi devreye ainmal. Notratzasyon Havuzu

16. sastteBlower untesi devreye ainmal.
22 saatteBlower initesi devreye alnmak

06 saattenzot Pompalama devreye ainnal. a 16. Saatte 2 Blower dovreye ainmal. E
22 saattehzot Pompalama devreye ainmal. 2. saatte 2 Bower devreye ainmal





Figure 108: Purification 3 Pipe Leakage Weighted Moving Average Forecast
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Figure 109: Purification 3 Pipe Leakage Auto Regressive Forecast
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Figure 110:Purification 4 Pipe Leakage Moving Average Forecast
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Figure 111: Purification 4 Pipe Leakage Weighted Moving Average Forecast
[image: image119.png]Input-Output Data

Leak Stuation at Ppes 1q 2200 vt
Factory Faclory Factory Factory Faclry Phase Phase Phase  Phase  Phase measured
Ppe1 Pipe2 Pipel Pipe4 PipeS Ppet Pipe2 Piped Piped PipeS 1.08 forecasted
Sraphs ©
Factory 1 Waste Tank 8104
P—— y o [ Factory Ppe 1 [[] Prase Ppe 1 o
T2 Waste Pool [l FactoryPpe2 [ Phase Ppe2 2 o /\/\/\/\/J\/\/
Graph <
Pt Factory 3 _— [] Factory Pipe 3 [] Phase Pipe 3
Factory 4 [l Factory Pipe 4. Phase Pipe 4 1
Factory § [CFactoryPpe s [] Phase Pipe 5. s
Forecast iethods.
096
s R DT 5 10 15 20 25 30 35 40 45
Time (seconds)
inci Pompalama
Dengeleme Havuzu 05 saaiie Terfi pompasi cagtrimal
U SaaeBwer s devreye sl 7 06 _sastte Terfi pompas: calstrimal.
06. saattBlower intesi devreye alnmal 07 _sastte Terfi pompas: calstrinal.
07. saatteBlower inesi devreye alnmal
1. sastteBlower lntesi devreye ainmal. Notratzasyon Havuzu

16. sastteBlower untesi devreye ainmal.
22 saatteBlower initesi devreye alnmak

6. saafteAzot Pompalama devreye ainmal. =
22 saafteAzot Pompalama devreye ainmai.





Figure 112: Purification 4 Pipe Leakage Auto Regressive Forecast
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Figure 113: Purification 5 Pipe Leakage Moving Average Forecast
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Figure 114: Purification 5 Pipe Leakage Weighted Moving Average Forecast
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Figure 115:Purification 5 Pipe Leakage Auto Regressive Forecast
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Input parameters and forecasting method of the factories are selected.





�The hourly simulation starts.





Each hour the water flow rate, reynold coefficient, water pressure is calculated.





The 24-hour data is stored, predicted the next day.





The necessary parameters are set according to the amount of water per hour.





The water is purified according to the amount of waste water and sent to the waste water pools.
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