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Abstract— The design and implementation of Unidirectional Flushing (UDF) using WaterGEMS software was conducted in the Cabantian Water Supply System (WSS) of Davao City Water District (DCWD), specifically at Emily Homes Cabantian (EHC) in Davao City. The objective is to evaluate the effectiveness of the UDF design in terms of volume reduction and time optimization. Data on pipe network layout, pipe materials, hydraulic parameters (flow rates and pressures), and water demand patterns were collected from Quantum Geographic Information System (QGIS) and Non-Revenue Water Management Division (NRWMD) under the Pipeline and Appurtenances Maintenance Department (PAMD) of DCWD used for the UDF design. The implementation flushing process was monitored and recorded for volume and time analysis. The analysis of the UDF implementation revealed a significant reduction in volume, with a recommended volume of 5.1 cubic meters compared to the existing data of 15.68 cubic meters from DCWD. Additionally, the flushing time was minimized to 2.6 minutes, showcasing the effectiveness of the UDF design in optimizing water usage and reducing flushing duration. Implementing the UDF design using WaterGEMS software at Emily Homes Cabantian successfully achieved volume reduction and time optimization objectives. The findings demonstrate the effectiveness of the UDF approach in minimizing water usage and operational improvements.
Index Terms— Water Distribution Pipe System, Unidirectional Flushing, WaterGEMS, QGIS
I. Introduction
Drinking water supply and distribution systems are critical infrastructures that must be protected for public health safety [4]. A water distribution system (WDS) is the physical network of pipes that delivers water from the water source to the intended users [9]. Nowadays, the WDS pipe network is essential in population-growing cities and large villages because of the need for WDS to provide good quality water that can minimize people's health problems [18]. Good water quality must be freed from particles deposited in water pipes. Flushing of the WDS is one way to eliminate these deposited particles [9]. Traditionally, conventional flushing consists of opening hydrants in specific locations to let the water flow out of the pipe; this action does not usually include activating isolation valves [4]. 

A water distribution network is an essential hydraulic infrastructure that is part of the water supply system composed of different pipes, hydraulic devices, and storage reservoirs [16]. Considering the complexity and the widespread coverage, it is very hard to maintain a distribution network that will meet the desired water quality level. One important tool in the maintenance of WDS is flushing [4]. Performing flushing sequences requires time, skills, and equipment [10]. There are several cleaning methods developed to prevent particle accumulation and incrustation growth. The method selected is UDF [13]. Conventional flushing discharges all the contaminated water into the environment, causing damage [4]. The UDF is a widely used method to remove sediments from WDS. A section of the pipe system is isolated by closing key valves to create a single directional flow with a velocity of at least 1.5 m/s [4].
The network system is modeled and analyzed, and its performance is evaluated under various physical and hydraulic parameters or conditions. The process is simulated using WaterGEMS. Various supporting analyses are required to be carried out using various software and tools such as MS Excel, QGIS, and WaterGEMS [19]. WaterGEMS is a software that performs extended-period simulation of hydraulic and water quality behavior within pressurized pipe networks [16]. This software is applied to find the optimal pipe diameter to supply adequate water at satisfactory pressures to the end users [17]. Watergems can perform any function effectively, including flushing [21]. Also, QGISRed is a freeware QGis plugin developed to assist in building and analyzing hydraulic models of water distribution networks of any complexity up to the level of detail required by Digital Twins [23]. Google Earth Pro is a freeware that can display a picture of the earth's surface both in two dimensions (2D) and three dimensions (3D) [20].
The main objective of this study was to create a hydraulic model design of UDF using WaterGEMS software. The created design will then be implemented at (EHC), Davao City, specifically under Cabantian WSS of DCWD. Specifically, this study aims to determine the flushing report in terms of volume and time. The obtained data will be compared against the existing data from the DCWD flushing record. These will be the basis for determining the effectiveness of the design and implementation of UDF.
The study will benefit DCWD as it will improve the operation for flushing by reducing volume and minimizing time during maintenance activities through optimized flushing parameters and schedules. If the design is utilized and implemented, the customers of EHC will experience a shortened time of water service interruption. Other water utilities like DCWD are their reference in reducing the volume and time of water flush after maintenance activity. Future research researchers would benefit from this study since it provides reference information and understanding for creating new technologies and approaches for analyzing and monitoring flushing during maintenance activities.
The study covered only the designing and implementing a UDF system specifically for the water distribution pipe system at EHC, Davao City, under Cabantian WSS of DCWD. The study aims to improve flushing operation by reducing volume and minimizing time during maintenance activities through optimized flushing parameters and schedules. The study utilizes WaterGEMS software for hydraulic modeling design. The impact of the implemented UDF system will be assessed through measurements of volume and time. However, the study does not specifically address the color and taste of the current water in the study area. It focuses primarily on operational improvements. The study does not include sampling and testing of the water after implementing the flushing system for microbiological, physical, and chemical analysis. The focus is on assessing operational improvements rather than conducting detailed water quality analyses.
II. Materials and Methods
A. Conceptual Framework


Figure 1. Conceptual Framework
In Figure 1, data from WDS at EHC, Davao City, such as pipe network layout, pipe materials, hydraulic parameters (flow rates and pressures), and water demand patterns, are collected. The collected data was used for Hydraulic Modeling Design with WaterGEMS software and flushing Zone identification and system implementation. Evaluation of the UDF design and implementation effectiveness by comparing the UDF design result to the existing DCWD flushing activity.
B. Materials and Resources 
B.1 QGIS Map
     QGIS Map was used to obtain operational data, including pipe diameter, pipe length, valve locations, and hydrant placements, to facilitate the design of UDF using WaterGEMS modeling
B.2 WaterGEMS Software   
 The utilized data gathered from multiple sources, including the operational data obtained from the QGIS map, as well as pressure and flow information from NRWMD of DCWD under the PAMD of DCWD, was utilized to create a hydraulic model design for UDF using WaterGEMS software.
B.3 Google Earth Pro
Google Earth Pro was used to acquire elevation data utilized in the modeling and design of a UDF. This elevation data was crucial for understanding the hydraulic behavior of the WDS, as it provided insights into the natural flow patterns and potential areas of concern within the network.
C. Methods and Procedures
C.1 Description of the Study Area
Emily Homes Cabantian lies in Barangay Cabantian, Davao City. The geographic position of EHC is found within its latitude of 7°7'38.28" N and longitude of 125°36'55.08" E. The study area is under the Cabantian WSS of DCWD. The total active service connection of the study area is 2,132 as of June 2023. WDS of the study area was examined as a typically branched and looped network made of a mixture of Mortar Line Cement Steel Pipe and Polyvinyl Chloride pipe materials with sizes ranging from 50 mm diameter to 250 mm diameter. The total number of gate valves in the study area is forty-four (44), with ten (10) fire hydrants and nine (9) blow-off valves, as shown in Fig. 2.
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Figure 2. Location of the study area using QGIS Software
C.2 Data Entry
Maps are prepared for the various elements of the WDS of EHC from the gathered data obtained from NRWMD and QGIS software. After validating the maps, hydraulic modeling is done. The data is checked and verified for details such as supply pattern (psi), flow in Million Litres per Day (MLD), and water pressure (psi) through each pipe. The data stored in the attribute table includes diameter, material, head pattern, and flow.
C.3 WaterGEMS Modeling Design
     The input data requirements for the hydraulic model analysis are classified as pipe data, node data, and reservoir data. Pipe data are the assigned pipe numbers for the following pipe properties: diameter (mm), length (m), and materials. Node data are assigned node numbers for elevation (m) and water demand (psi). The assigned head (m) and flow (psi) are reservoir data. Fig. 3 shows the calculation summary of the WaterGEMS simulation process. The simulation was successful and did not encounter any technical errors.
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Figure 3. Simulation Process in WaterGEMS
C.4 Design Process of Unidirectional Flushing 
The UDF design starts with establishing the UDF event by highlighting the Flushing Study and then adding a new area and renaming it UDF-1. In the Options pane, the Base was set for a Representative Scenario and set the Emitter coefficient to eleven (11). A pipe set was then created. After selecting the pipe set, the operational elements buttons, such as valves and one (1) hydrant, were selected. Next, the Pipe to Flush was then selected. Finally, after all the elements were identified, the Compute button was selected to generate a UDF result.
C.5 Implementation Process for Flushing Operations
The generated report includes a map of the area and a tabular description of the event of which elements to operate, such as valves and hydrants, were reviewed. Then, prepared the map with valves and hydrants to operate and instructed the maintenance crew for asset assessment. After the asset assessment, the maintenance crew gathered and prepared the equipment for the UDF process. On the scheduled day of implementing the hydraulic model design of UDF, the maintenance crew closed the valves indicated in the generated map. Then, start the flushing process by opening the designated hydrant. Flow rates, pressure levels, and time during the flushing process were monitored and recorded to evaluate the effectiveness of the flushing and identify any issues that may require further attention by utilizing the data from NRWMD of DCWD. Using the recorded time (min), diameter (m) of the hydrant, and the result of the flow (gpm) from NRWMD of DCWD on the scheduled implementation, the volume can now be computed using the formula specified in equation 1 below.
Volume = Qt   - - - - - - - - (1)
Where volume is in cubic meters, t is the time (min), and Q is the flow rate (gpm). This calculation allowed for an estimation of the volume of water used during the implementation.
After completing the flushing activity, the maintenance crew reopened the necessary valves and closed the designated hydrant gradually to avoid sudden pressure surges or water hammers. The flushed area was inspected to ensure proper functioning and identify any problems.
C.6 Evaluation of Operational UDF Effectiveness
The effectiveness of the design and implementation of the UDF was comprehensively evaluated. The collected existing data of the flushing operations from DCWD, including the volume and time information, was utilized. These data were compared and analyzed to the design results of UDF.
III. Results and Discussions

This chapter presents the result and discussion of the hydraulic model design of UDF and its implementation, focusing on reducing the volume and minimizing the time. 
D. Hydraulic Model Design for UDF using WaterGEMS Software Result
After collecting the data for the hydraulic model design for UDF at EHC, Davao City, and following the methods and procedures presented, outputs by WaterGEMS Software are obtained. Fig. 4 presents the results browser of the UDF hydraulic model design. The analysis indicates that the flushing operation achieved the 833 meters of pipe length target. The cumulative pipe length flushed during the operation was precisely 833 meters, and the minimum flushing time recorded was 2.632 minutes, aligning with the recommended flushing time. The volume of water used during the minimum flushing duration was determined to be 5.1 cubic meters, which also matches the recommended volume for flushing. The hydrant discharge during the operation was measured at 509.733 gallons per minute. Additionally, the design result highlights the valves that need to be closed and the hydrant that should be used for flushing. This detailed information assists in directing the flushing process by pinpointing the pipes and elements involved.
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Figure 4. Unidirectional Flushing Result Browser
The results of the UDF analysis provide detailed information about the pipes involved in the flushing event. The result displays the pipe labels, lengths, and diameters, allowing easy identification and reference. In addition, the result includes the Velocity results for the maximum flushing scenario, expressed in meters per second. This velocity value indicates the flow rate at which the flushing event occurred. The analysis also assesses whether the flushing target velocity was achieved. If the velocity meets the specified target, the flushing process is carried out at the desired flow rate to remove sediments and stagnant water effectively. Furthermore, the figure presents the Shear Stress results for the maximum flushing scenario, measured in pascals. Shear stress refers to the force the flowing water exerts against the pipe walls. The analysis evaluates whether the obtained shear stress satisfies the target shear stress specified for the flushing operation. If the shear stress value aligns with the target, the flushing process generates sufficient hydraulic forces to dislodge and remove sediments effectively. To create a single directional flow with a velocity of at least 1.5 m/s. [4], these parameters serve as indicators of the effectiveness of the flushing process in terms of achieving the desired flow velocity and hydraulic forces required for efficient sediment removal.

Among the listed results, twenty-two (22) pipe ID numbers satisfied the flushing target and the target shear stress requirements. It indicates that the flushing events associated with these pipe IDs successfully achieved the desired flow velocity and generated sufficient hydraulic forces to effectively remove sediments, aligning with the specified targets. On the other hand, twenty-four (24) pipe ID numbers did not satisfy the flushing target requirement. It implies that the flow velocity during the flushing events for these pipes did not meet the specified target. However, despite not meeting the flushing target, these pipes satisfied the target shear stress requirement. It indicates that although the flow velocity was not at the desired level, the generated hydraulic forces were still sufficient to remove sediments effectively based on the specified shear stress criteria.
      The flushing field result provides a comprehensive overview of the elements involved in the flushing operation. It includes a legend that explains the symbols or labels used to represent different elements, such as valves and hydrants. This map highlights the specific valves that need to be closed and the designated hydrant that should be used for flushing, as shown in Fig.5.
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Figure 5. Flushing Field Report Map
      The report within the flushing field result indicates key details related to the flushing operation. It specifies that the designated hydrant for flushing is located at Oxygen St.. At the same time, valves along Mercury St. corner Krypton St., Argon St., Zinc St., Helium St., Neon St., Nickel St., Radon St., Xenon St., Silver St., Barium St., and Silicon St. are identified as the valves that need to be operated and closed during the flushing process. The report further provides information on the minimum flushing time required, recorded as 2.6 minutes, and the recommended flushing time, also set at 2.6 minutes. In terms of volume, the flushing report states that both the minimum flushing volume and the recommended flushing volume are recorded as 5.1 cubic meters. This volume represents the water required for the flushing operation, ensuring effective system cleaning.
Additionally, the report highlights the specific pipe run that needs to be cleaned, specifically along Mercury St. from corner Krypton St. to Cobalt St. These pipes are identified as the network sections that require targeted flushing to remove sediments and improve water quality. The result report indicates the final actions taken during the flushing process. According to the report, the final actions involved reopening of valves along Mercury St. corner Krypton St., Argon St., Zinc St., Helium St., Neon St., Nickel St., Radon St., Xenon St., Silver St., Barium St., and Silicon St.
E. Unidirectional Flushing Design Implementation Result
After reviewing the generated map, it was verified that along the Mercury St. corner, Krypton St., Argon St., Zinc St., Helium St., Neon St., Nickel St., Radon St., Xenon St., Silver St., Barium St., and Silicon St. valves were visible and the hydrant located at Oxygen St. was operational. However, it was observed that some of the valves were difficult to open, which posed a challenge during the implementation process. Despite this difficulty, the implementation followed the recommended time of 2.6 minutes as specified in the design. The average flow rate during flushing was 189.87 gallons per minute (gpm) using data from NRWMD-PAMD-DCWD (Table 1); the volume of water used during the implementation was calculated using the formula specified in the methods and procedures. The calculated volume was determined to be 1.87 cubic meters.
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Table 1. Flow Result during Implementation from NRWMD-PAMD-DCWD
F. Effectiveness of UDF Design and Implementation
Table 2 presents the data from DCWD flushing operations in Cabantian WSS, specifically at EHC, as of June 2023. The data reveals that DCWD has conducted repetitive flushing activities. This information has important implications for the operational effectiveness of DCWD, particularly in terms of volume and time. Flushing the networks (routinely performed for cleaning purposes) to examine its effect on the water [8] suggests a recurring issue in the WDS, such as sediment accumulation or water quality concerns, necessitating frequent flushing to maintain system performance.
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Table 2. DCWD Flushing Report as of June 2023 in Cabantian WSS
Volume Analysis: UDF Design Results vs. Existing Data of DCWD Flushing Activity
The UDF design recommended volume of 5.1 cubic meters and the existing data of 15.68 cubic meters from DCWD reveals a significant difference in water usage for flushing operations, as shown in Fig. 6. The UDF Design lower recommended volume signifies a more effective approach to flushing, as it requires significantly less water compared to the existing practices of DCWD. This reduction in volume reflects a commitment to water conservation, resource optimization, and sustainable management within the WDS. The notable difference in volume highlights the possibility for improvements and cost-effectiveness through the adoption of optimized flushing strategies.
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Figure 6. Volume Comparison of UDF Design vs. DCWD Existing Data 
Time Analysis: UDF Design Results vs. Existing Data of DCWD Flushing Activity
     The UDF Design's recommended time was 2.6 minutes, and the existing data of DCWD was 5 minutes, revealing a notable difference in the duration of the flushing operations shown in Fig. 7. The UDF design's shorter recommended time signifies a more time-effective approach to flushing compared to the existing practices of DCWD. The reduced duration indicates optimized flushing sequences, unidirectional flow patterns, and targeted cleaning, resulting in quicker completion of the flushing process and enhancing the flushing effectiveness [15]. The significant difference in time highlights the potential for improved resource utilization, cost savings, and customer satisfaction by adopting the UDF approach. Further analysis and evaluation of the UDF Design's impact on system performance and water quality will provide valuable insights for streamlining flushing practices and maximizing operational effectiveness within the water distribution network.[image: image8.png]Time Comparison of UDF Design vs.
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Figure 7. Time Comparison of UDF Design vs. DCWD Existing Data
Evaluation of the Operational UDF Effectiveness
Understanding the extent and occurrence of these flushing events enables DCWD to assess the impact on water usage, operational costs, and customer satisfaction. By analyzing this data, the UDF Design's ability to save approximately 67% of the volume compared to the conventional flushing methods of DCWD clearly shows its effectiveness in conserving water resources. Substantial reduction in volume indicates a remarkable improvement in the operation of DCWD. Cleaning the distribution system using flushing [11] improves customer satisfaction due to the minimized time duration. DCWD can identify patterns, optimize flushing strategies, and implement proactive measures to address the underlying issues, ultimately improving its flushing operations in the Cabantian WSS. Further analysis and evaluation of the UDF design impact on system performance and water quality will provide valuable insights for streamlining flushing practices and maximizing operational effectiveness within the water distribution network.
IV. Conclusions and Future Works
Based on the results, the volume analysis revealed a significant reduction in the water required for flushing compared to existing data of DCWD, indicating the effectiveness and water conservation benefits of the implemented design. Similarly, the time analysis indicated minimizing the flushing duration, minimizing disruptions to the water supply, and achieving operational effectiveness. The comparison with existing flushing data further supported the effectiveness of the design and implementation. The study's findings provide important insights for water utilities in improving their flushing activities. This study contributes to the understanding and implementation of UDF as an effective technique for water quality improvement. It highlights the importance of hydraulic modeling and careful planning in achieving significant reductions in water volume and flushing duration.

The findings can serve as a basis for utilities such as DCWD to enhance their flushing strategies, optimize system performance, and improve customer service. Future works can be done from the study, such as continuous monitoring, refinement of the hydraulic model design, optimization of the flushing strategy, collaboration with stakeholders, and knowledge sharing, which will contribute to the long-term success and sustainability of the flushing program.
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