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Abstract. The study aimed to create a secure application for a local water
utility, addressing asset management and pressure monitoring in the district
meter area. The Intelligent Asset and Pressure Management Application,
developed through Agile Model Phases, served as a tool for employees to monitor
assets, report leaks, and make informed decisions. Quality assessment and
acceptability determination employed ISO/IEC 25010 criteria, using
questionnaire and interview techniques with IT experts and utility employees as
respondents, chosen through purposive sampling. Results indicated alignment
with ISO 25010 Software Product Quality Standards, covering functional
suitability, performance efficiency, compatibility, usability, reliability, security,
maintainability, and portability. The application proved highly effective in the
water utility, excelling in asset and leak management, pressure monitoring, and
decision-support modules, according to study respondents.
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1. Introduction

Local Water Utilities (LWUs) are local corporate entities that operate and
maintain a water supply system in one or more cities or municipalities throughout

the country.
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LWUs are established by the Local Water Utilities Administration (LWUA) due
to the water crisis experienced by the Philippines in the early times. LWUA is a
government-owned and controlled corporation (GOCC) created by the
proclamation of Presidential Decree No. 198, known as “The Provincial Water
Utilities Act of 1973”. Its main function is to promote and oversee the

development of water supply systems in provincial cities and municipalities
outside of Metropolitan Manila.

Their main function is to ensure that their service area gains access to clean
and potable water. They process ground and surface water like rivers to ensure
that they are safe for human consumption. They are also in-charge in the
installation of main lines and water meters to determine the consumption of their
concessionaires. With these, they are also tasked with reading water meters and
providing accurate bills to their customers. They also entertain calls that are
related to leak repairs and other maintenance activities. Aside from this,
personnel of water utilities are tasked to detect leaks from the main line which
causes Non-Revenue Water (NRW) or water that was just going to waste because
it is not consumed by the concessionaires.

With the emergence of different technologies, LWUs adapt different methods
to make their work easier and more efficient. Some of these include, the creation
of electronic billing and collection systems, the use of SMS technology to
message customers for their bills and announcements, the use of mobile meter
reading applications and the use of geographic information systems to map their
assets’ locations.

However, there are still some problems that LWUs encounter in their current
scenario. First, having GIS applications to map their asset’s locations are
expensive. Some GIS in the Philippines cost at around 2 million pesos annually
with functions limited to only seeing the location of an LWU’s assets. In smaller
LWUs, it will hugely affect their total Capital Expenditures (CAPEX). It will be
difficult to release this amount of money because this amount can be used on
their operations and other projects that they can work on. These GIS applications
also require high specifications and fast internet speed connections thus making
it impossible for field employees who only have smartphones to use it. To know
the asset’s location, they have to call someone from the office to map it for them
which could take longer.
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Another problem is that LWUs who are now partnered with private

organizations via joint ventures are frequently changing personnel. Most of them
are just on contractual basis and are not renewed after the contracts end. This
means that the previous personnel who were familiar with the service area will
be replaced by new personnel who will be trained to get familiarized with the
locations of each asset to be monitored. This will also cost a lot of time and effort
since there are more than 20,000 assets that need to be monitored even for
smaller LWUs.

Another problem is the extraction of data from different pressure points for
processing. Most LWUs gather and analyse data manually. This means they need
to visit all pump houses and gather information from pressure loggers installed
in each area.

With these problems at hand, the researchers felt that there is a need to
develop an application that will provide solutions to the problems stated and help
LWUs to continue providing quality service to their concessionaires. In line with
this, the researcher proposed and developed a web-based application that
provides efficient asset and pressure management for local water utilities using
geographic information systems.

2. Methodology

The proponents used the sequential exploratory mixed method of research
for the study. Sequential exploratory design is a mixed methods study design
where a qualitative data collection and analysis will be conducted first before
proceeding to a quantitative phase of data collection and analysis.

The data collected from the interview served as the qualitative data that
analysed and used to develop the system as well as to check their willingness to
support the development of an application, and the data collected from the
survey questionnaire served as the quantitative data that is used to measure the
quality of the developed system and its level of effectiveness in the operations
done by the end-users.

2.1. Sampling Procedure

Purposive sampling was used in selecting the respondents of this study.
Purposive sampling is a non-probability sampling method in which the items of
the sample are picked based on the researcher's judgment. Researchers
frequently feel that by applying competent judgment, they may produce a
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representative sample and save time and money (Black, 2010). For this study, the

purposive sampling technique allows the researcher to choose the respondents
for the study based on their personal judgments that he thought give the

appropriate evaluation for the study.
2.2. Respondents

The respondents of the study were divided into two groups. The first group
is the IT experts and the second group is the end-users. The IT experts are those
individuals whose expertise is in line with software and application development,
specifically those inclined in geospatial technology and those with expertise in
mobile applications development. The end-users are the personnel of the local
water utility who used the application upon its deployment. They are the
maintenance crew who were on the field and received notifications for repairs
and other maintenance activities, the engineering personnel who mapped newly
installed meters and newly installed main lines in the service area, and last are
the customer service associates who lagged leaks and new service connections
to the application. In addition, the Branch Manager and Contract Monitoring Unit
(CMU) Manager was also noted as end-users so they can gain access to the
valuable information and reports that can be generated by the application.

2.2.1 Research Site

The study took place in Cabanatuan City Water District - PrimeWater
Cabanatuan City (CCWD-PWCC), the local water utility situated in Cabanatuan
City, Nueva Ecija. At present, it caters to more than 53,000 households, providing
safe water of the highest quality to the people of Cabanatuan. Through a Public-
Private Partnership under the Joint Venture Agreement with PrimeWater
Infrastructure Incorporated last January 2017, CCWD-PWCC was able to expand
its services to 76 barangays within the city. CCWD-PWCC has a total of 149
employees serving different functions ranging from office clerks to field
personnel doing repairs and installations.

3. Results and Discussion
3.1. Description of the Current Scenario in Asset Management and Pressure
Monitoring

Based on the responses provided during the interview, an application can
be developed and implemented to minimize the problems that are encountered
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within the different processes involved in the local water utilities activities with

regards to Asset Management and Pressure Monitoring.
3.2. Development of the Application Based on the Agile Model Phases

Based on the discussion provided, the Intelligent Asset Management and
Pressure Monitoring Application was successfully developed and implemented
following the Agile Model Phases namely conception, inception, iteration, release,
and maintenance.

3.3. IT Expert’s Evaluation of the Developed Application Based on the ISO 25010
Software Product Quality Standards Criteria

The evaluations given by the IT experts indicated that the developed
application highly exceeds the ISO 25010 Software Product Quality Standards on
technical quality assurance. The IT experts had given an average rating of 3.93,
which means that the developed application is highly functional, highly efficient,
highly compatible, highly usable, highly reliable, highly secured, highly
maintainable, and highly portable.

3.4. End-Users’ Evaluation of the Developed Application Based on the Selected
/SO 25010 Software Product Quality Standards Criteria

The evaluations specified by the different end-users of the application
indicated that the application highly exceeded the ISO 25010 Software Product
Quality Standards on the technical quality assurance. The end-users unanimously
rated the system as highly functional, highly efficient, and highly usable. They
also had an average rating of 3.96 with high ratings for each category. The results
show that the end-users all agreed that the developed application is functionally
suitable, performance efficient and usable.

3.5. Evaluation of the Level of Effectiveness of the Implementation of the
Developed Application

The IT experts and end-users all agreed that the system was Highly
Effective in terms of Asset Management, Leak Management, Pressure Monitoring
and Decision Support. Assets can now be traced anytime and anywhere which led
to faster and more effective management of assets. Reports of leaks are also
created and transferred to maintenance orders for repair crew real-time,
meaning they can respond to the soonest possible time and lessen the instance
of having non-revenue water due to service and mainline leaks. The leak
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monitoring team were also delighted as they can monitor the pressure in just a
few taps on their devices. The results showed strongly that the system was highly
effective in all functions and features that it has, which was also supported by

the exemplary results of the survey using the ISO 25010 Software Product Quality
Standards.

In addition, due to its outstanding features, the management also plans to
endorse the use of the application with other neighboring water utilities so that
they can also experience the benefits of the system in their day-to-day
operations.

4. Conclusions

Based on the findings, the following conclusions were drawn:

1. The implementation of the Intelligent Asset Management and Pressure
Monitoring Application helped in solving the problems stated during
interviews with the expected end-users of the application.

2. The Intelligent Asset Management and Pressure Monitoring Application was
successfully developed following the Agile Development Phases.

3. The developed application complied with the requirements specified in the
ISO 25010 Software Product Quality Standards as evident by the ratings given
by the IT experts.

4. The developed application complied with the requirements specified in the
selected ISO 25010 Software Product Quality Standards as evident by the
ratings given by the end-users which include the maintenance crew,
engineering personnel, customer service associates, branch manager and the
CMU manager.

5. The level of effectiveness of the implementation of the developed application
was Highly Effective as specified by the ratings given by the IT experts and the
end-users of the application.

References

Aguilar, M. A., Aguilar, F., Fernandez, I. M., & Mills, J. (2013). Accuracy Assessment of
Commercial Self-Calibrating Bundle Adjustment Routines Applied to Archival
Aerial Photography. Photogrammetric Record, 28(141), 96-114.
https://doi.org/10.1111/j.1477-9730.2012.00704.x

Awang, M., Mohammed, A. H., Rahman, M. N. A., Abdullah, S., Mod, M. Z. C., Sani, S. I.
A., & Hamadan, N. B. (2012, December 3). Facility Management Competencies in

Page 6 | The QUEST| Nueva Ecija University of Science and Technology, Graduate School @ ® ﬂ




THE ISSN 1908-3211 (Online) | ISSN 1908-322X (Print) P-ISSN: 1308-322X and E-ISSN: 1908-3211
. 1e e 1 Vol.3 No.1 (2024)
QUE S T I Journal of Multidisciplinary Received: 01-05/ Revised: 03-15/ Accepted:03-20-2024
Research and Development https://neust.journalintellect.com/quest
Technical Institutions. Procedia - Social and Behavioral Sciences; Elsevier BV.
https://doi.org/10.1016/j.sbspro.2012.11.195
Bahri, M. a. S., Maulud, K. N. A., Rahman, M. M., Oon, A. O. R., Ani, A. C., Hashim, C. H.
C., Karim, H., Hasbullah, M. S., & Aziz, M. A. (2019, October 1). DEVELOPMENT OF
GIS DATABASE AND FACILITY MANAGEMENT SYSTEM: ASSET AND SPACE IN UKM.
The International Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences; Copernicus Publications. https://doi.org/10.5194/isprs-
archives-xlii-4-w16-563-2019
Bantie, Y. (2011). The Value of Improved Water Supply Service in Motta Town,East
Gojjam, Ethiopia.Application  of  Contingent Valuation  Method (Cvm).
https://www.semanticscholar.org/paper/The-Value-of-Improved-Water-
Supply-Service-in-Motta-
Bantie/cb255ceb07d1203e2903¢9739a7e5e800d8319f8
Barca, E., Castrignano, A., Ruggieri, S., & Rinaldi, M. (2020). A new supervised classifier
exploiting spectral-spatial information in the Bayesian framework. /nternational
Journal of Applied Earth Observation and Geoinformation, 86, 101990.
https://doi.org/10.1016/j.jag.2019.101990
Behailu, B. M. (2016). Rural Water and Sanitation: Community Managed Project Approach
for Sustainability n Ethiopia. Trepo.
https://trepo.tuni.fi//handle/10024/115158
Cléri, ., Pierrot-Deseilligny, M., & Vallet, B. (2014, August 7). Automatic Georeferencing
of a Heritage of old analog aerial Photographs. ISPRS Annals of the
Photogrammetry, Remote Sensing and Spatial Information Sciences; Copernicus
Publications. https://doi.org/10.5194/isprsannals-ii-3-33-2014
Covas, D., Ramos, H. G., Graham, N., & Maksimovic, C. (2004). Application of hydraulic
transients for leak detection in water supply systems. Water Science &
Technology: Water Supply, 4(5-6), 365-374.
https://doi.org/10.2166/ws.2004.0127
Del Soldato, M., Riquelme, A., Bianchini, S., Tomas, R., Di Martire, D., De Vita, P., Moretti,
S., & Calcaterra, D. (2018, June 6). Multisource data integration to investigate one
century of evolution for the Agnone landslide (Molise, southern [taly). Landslides;
Springer Science+Business Media. https://doi.org/10.1007/s10346-018-1015-
z
Djordjevic, B., & Dasic, T. (2011). Water storage reservoirs and their role in the
development, utilization and protection of catchment. Spatium, 24, 9-15.
https://doi.org/10.2298/spat1124009d
El-Zahab, S., & Zayed, T. (2019). Leak detection in water distribution networks: an
introductory overview. Smart Water, 4(1). https://doi.org/10.1186/s40713-019-
0017-x

Page 7 | The QUEST| Nueva Ecija University of Science and Technology, Graduate School @ ® ﬂ




THE ISSN 1908-3211 (Online) | ISSN 1908-322X (Print) P-ISSN: 1308-322X and E-ISSN: 1908-3211
| of Multidiscinli Vol.3 No.1 (2024)
l ES I| Journal of Multidisciplinary Received: 01-05/ Revised: 03-15/ Accepted:03-20-2024
Research and Development https://neust.journalintellect.com/quest

Frauendorfer, R. (2017, November 15). The Issues and Challenges of Reducing Non-

Revenue Water. Asian Development Bank.
https://www.adb.org/publications/issues-and-challenges-reducing-non-

revenue-water

Giordano, S., Bris, A. L., & Mallet, C. (2018). TOWARD AUTOMATIC GEOREFERENCING OF
ARCHIVAL AERIAL PHOTOGRAMMETRIC SURVEYS. [/SPRS Annals of the
Photogrammetry, Remote Sensing and Spatial Information Sciences.
https://doi.org/10.5194 /isprs-annals-iv-2-105-2018

Hamilton, S. E., & Charalambous, B. M. (2013). Leak Detection: Technology and
Implementation. Water Intelligence Online.
https://doi.org/10.26530/0apen_578133

Hanis, M. H., Trigunarsyah, B., & Susilawati, C. (2011, March 8). The application of public
asset management in Indonesian local government. Journal of Corporate Real
Estate; Emerald Publishing Limited.
https://doi.org/10.1108/14630011111120332

Hunaidi, O. (2000, January 1). Detecting Leaks in Water-Distribution Pipes.
ResearchGate.
https://www.researchgate.net/publication/44072012_Detecting_Leaks_in_Water
-Distribution_Pipes

Hunaidi, O., Wang, A., Bracken, M., & Fricke, C. (2004, January 1). Acoustic methods for
locating leaks in  municipal water pipe networks. ResearchGate.
https://www.researchgate.net/publication/44077663_Acoustic_methods_for_lo
cating_leaks_in_municipal_water_pipe_networks

Jabari, S. J. (2017, June 4). Non-Revenue Water Management in Palestine. Zenodo.
https://doi.org/10.5281/zenodo.1131505

Kingdom, B. (2006, December 1). The Challenge of Reducing Non-Revenue Water in
Developing Countries—--How the Private Sector Can Help : A Look at Performance-
Based Service Contracting.
https://openknowledge.worldbank.org/entities/publication/a4518772-6b4c-
5bda-b6ce-52ac65c14c5a

Kulkarni, A. D., Narkhede, G. G., & Motade, S. N. (2022, August 26). SENSOR FUSION. An
Advance Inertial Navigation System using GPS and IMU. 2022 6th International
Conference on Computing, Communication, Control and Automation (ICCUBEA.
https://doi.org/10.1109/iccubea54992.2022.10010952

Kumar, S. S., Abraham, D. M., Behbahani, S. S., Matthews, J. A., & Iseley, T. (2020).
Comparison of Technologies for Condition Assessment of Small-Diameter Ductile
Iron Water Pipes. Journal of Pipeline Systems Engineering and Practice, 11(4).
https://doi.org/10.1061/(asce)ps.1949-1204.0000456

Page 8 | The QUEST| Nueva Ecija University of Science and Technology, Graduate School @ ® ﬂ




THE ISSN 1908-3211 (Online) | ISSN 1908-322X (Print) P-ISSN: 1308-322X and E-ISSN: 1908-3211
. 1e e 1 Vol.3 No.1 (2024)
QUE S T I Journal of Multidisciplinary Received: 01-05/ Revised: 03-15/ Accepted:03-20-2024
Research and Development https://neust.journalintellect.com/quest
Lahlou, Z. M. (2005). Leak Detection and Water Loss Control. Water Encyclopedia, 317-
320. https://doi.org/10.1002/047147844x.mw1817
Ma, R., Broadbent, M., & Zhao, X. (2020, March 1). Historical Photograph
Orthorectification Using SfM for Land Cover Change Analysis. Journal of the Indian
Society of Remote Sensing; Springer Science+Business Media.
https://doi.org/10.1007/s12524-019-01082-7
Martinez-Carricondo, P., Agliera-Vega, F., Carvajal-Ramirez, F., Mesas-Carrascosa, F. J.,
Garcia-Ferrer, A., & Pérez-Porras, F. J. (2018). Assessment of UAV-
photogrammetric mapping accuracy based on variation of ground control points.
International Journal of Applied Earth Observation and Geoinformation, 72, 1-10.
https://doi.org/10.1016/j.jag.2018.05.015
Molg, N., & Bolch, T. (2017, October 3). Structure-from-Motion Using Historical Aerial
Images to Analyse Changes in Glacier Surface Elevation. Remote Sensing; MDPI.
https://doi.org/10.3390/rs9101021
Netzel, R., Ohlhausen, B., Kurzhals, K., Woods, R. A., Burch, M., & Weiskopf, D. (2017,
January 2). User performance and reading strategies for metro maps. An eye
tracking study. Spatial Cognition and Computation; Taylor & Francis.
https://doi.org/10.1080/13875868.2016.1226839
Noor, M. N. M. (2010). DEFINING FACILITIES MANAGEMENT (FM) IN THE MALAYSIAN
PERSPECTIVE. https://www.semanticscholar.org/paper/DEFINING-FACILITIES-
MANAGEMENT-(FM)-IN-THE-Noor-
Pitt/0ca84cb65879018877c17e259294449c89682fdf
Nurminen, K., Litkey, P., Honkavaara, E., Vastaranta, M., Holopainen, M., Lyytikdinen-
Saarenmaa, P., Kantola, T., & Lyytikdainen, M. (2015). Automation Aspects for the
Georeferencing of Photogrammetric Aerial Image Archives in Forested Scenes.
Remote Sensing, A2), 1565-1593. https://doi.org/10.3390/rs70201565
Pilcher, R. (2007, January 1). Leak Location and Repair Guidance Notes and. . ... The
Never Ending War against Leakage. ResearchGate.
https://www.researchgate.net/publication/238077723_Leak_Location_and_Rep
air_Guidance_Notes_and_The_Never_Ending_War_against_Leakage
Puust, R., Kapelan, Z., Savic, D., & Koppel, T. (2010). A review of methods for leakage
management in pipe networks. Urban Water Journal, 7Z1), 25-45.
https://doi.org/10.1080/15730621003610878
Sairam, N., Nagarajan, S., & Ornitz, S. (2016). Development of Mobile Mapping System
for 3D Road Asset Inventory. Sensors, 16(3), 367.
https://doi.org/10.3390/s16030367
San-Antonio-Gémez, C., Velilla, C., & Manzano-Agugliaro, F. (2014, March 1). Urban
and landscape changes through historical maps.: The Real Sitio of Aranjuez (1775-

Page 9 | The QUEST| Nueva Ecija University of Science and Technology, Graduate School @ ® ﬂ




THE ISSN 1908-3211 (Online) | ISSN 1908-322X (Print) P-ISSN: 1308-322X and E-ISSN: 1908-3211
. qr e s Vol.3 No.1 (2024)
QUE S T I Journal of Multidisciplinary Received: 01-05/ Revised: 03-15/ Accepted:03-20-2024
Research and Development https://neust.journalintellect.com/quest
2005), a case study. Computers, Environment and Urban Systems; Elsevier BV.
https://doi.org/10.1016/j.compenvurbsys.2013.12.001
Taylor & Francis Group. (n.d.). Why Is Non-revenue Water So High in So Many Cities?
Taylor & Francis.
https://www.tandfonline.com/doi/full/10.1080/07900627.2010.548317
Tobler, W. R. (1970). A Computer Movie Simulating Urban Growth in the Detroit Region.
Economic Geography, 46, 234. https://doi.org/10.2307/143141
Vuorela, N., Alho, P., & Kalliola, R. (2002, April 1). Systematic Assessment of Maps as
Source Information in Landscape-change Research. Landscape Research; Taylor
& Francis. https://doi.org/10.1080/01426390220128631
Wang, Y. (2020, April 1). On Application of Geographic Information System in Urban
Surveying  and  Mapping.  Journal of Physics; IOP Publishing.
https://doi.org/10.1088/1742-6596/1533/2/022120
Wang, Y., & Li, Y. (2021, May 1). The positioning principle of global positioning system
and its application prospects. I0OP Conference Series; IOP Publishing.
https://doi.org/10.1088/1755-1315/781/2/022085
Water Utility Asset Management: A Guide for Development Practitioners. (2014, May 19).
Asian Development Bank. https://www.adb.org/documents/water-utility-asset-
management-guide-development-practitioners
Xiao, R., Hu, Q., & Li, J. (2021). Experimental investigation on vibro-acoustic techniques
to detect and locate leakages in gas pipelines. Measurement Science and
Technology. https://doi.org/10.1088/1361-6501/ac0847
Yazid, N., Zaini, N., Chelliapan, S., & Nasri, N. S. (2017, October 1). Economic and
efficiency indicators in non-revenue water (NRW) performance. ResearchGate.
https://www.researchgate.net/publication/321016409_Economic_and_efficienc
y_indicators_in_non-revenue_water_NRW_performance

Page 10 | The QUEST| Nueva Ecija University of Science and Technology, Graduate School @ ® ﬂ




