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Preface 
This article is the final product of the internship which is part of the third year of the study Water 
Management of the Rotterdam University for Applied Sciences. During this internship, a research is 
executed regarding the water quality in a river in the Philippine province Cebu. There has been 
focused on an integral solution for the pollution problems in the secluded river branches of the 
Tangon River. Therefore, a solution is designed that tackles both problems of water quality and water 
safety. 

This research is a contribution to all people who will be involved with water quality and water 
safety problems in the future within the Philippines. In special this research should help the 
Philippine government creating appropriate solutions.  

Furthermore, this article is established in collaboration with Presidential Commission for the 
Urban Poor and the Rotterdam University of Applied Sciences. Special thanks to Regional Director of 
the Presidential Commission for the Urban Poor, Chloe T. Manlosa-Osano and Attorney Edmund Lao 
of the Danao City council. 
 
 

Summary 
 
During the research of the Tangon River, the spatial problems have been extensively examined. After 
several field studies and a literature study, the analyses indicate several important issues. In 
particular, the water quality due to the serious pollution. Additionally, there is a high flood hazard in 
the area, caused by intense rainfall and high tide of the sea. This increases the danger of flood s 
within the river banks for the residents.  

The highest risks occur in the secluded river branches in the barangays Tay-tay and Lo-oc. 
The high gradient is used through clever use of heights to create a natural system that will decrease 
pollution and store water. 
 
To ensure the quality and validity of the research the interests of the stakeholders are included. The 
project has been extensively discussed with these various stakeholders. This is to ensure that the 
future solution/procedure is as close as possible to the desires and requirements of the stakeholders. 
 

Introduction 
Cebu is the second largest Metropole of the Philippines with around 3 million residents. The province 
Cebu is located within the islands of the Visayas in the Philippines. The capital of Province Cebu is 
Cebu City and is located in the central eastern part of the province.   
 
In the last decade Cebu developed its businesses and industry enormously. Furthermore, the 
population in Cebu is still increasing. These increments are taking its toll on the environment in Cebu. 
Infrastructure, electricity and water supply facilities keeps up, but the waste water treatment lags 
behind. Some waste water is treated in septic tanks, but most of it is discharged directly into the 
waterways. 
 
The climate of the Cebu Region is dominated by a wet- and a dry season. In the wet season, 
discharge of waste water with pollutants, causes enormous pollution in the rivers of Cebu. In the dry 
season, however, there is almost no rain, the rivers contain decomposed sewage, and the stench is 
terrible (Kitakyushu Initiative Network Cities). 
 

 



Problem 
The enormous pollution because of the lag of the waste water treatment in Cebu caused the interest 
in the waterways of Cebu. The first few weeks of field research have shown highly contaminated 
water bodies in Cebu, depriving the residents from their quality of life significantly. News bureau 
Sunstar and an interview with City Counsellor Edmund Lao confirm these as major issues  (Sunstar, 
2015) (Lao, 2016). Furthermore, flood hazard maps have shown that the waterways in Cebu are 
under threat of floods because of storm water runoff (Nationwide Operational Assessment of 
Hazards, 2016). Multiple news articles from Cebu Daily News show the major impact these floods 
have on its surroundings, because of a shortage in water storage (Cebu Daily News, 2013).  
 

Objective 
The goal of this research is to increase the water storage and to find a solution for the water quality 
problems in the Tangon River in Cebu. This is done with a design that can store water and influence 
the water flow. By increasing the water storage the impact of heavy rainfall will be reduced and the 
discharge of waste will be constant. It is the intension that the stakeholders create awareness of this 
life improving opportunity.  
 

Research questions 
In order to find out how the design can contribute to solving these problems the following research 
questions are created. The main research question is: “Which recommendations can be g iven to 
increase the water storage and to improve the river’s water quality of a river in Cebu?”. This research 
question can be divided into multiple sub questions.  

 

I. What are the (spatial) characteristics of the Tangon River’s catchment area that enhance the 

risks for floods and pollution? 

 

II. Which stakeholders to take into account looking for possible measures? 

 

III. What design contributes to increasing water storage and improving of the river’s water 

quality? 

Research method 

1. Sub question: Characteristics 
The first sub question is: “What are the (spatial) characteristics of the Tangon River’s catchment area 

that enhance the risks for floods and pollution?”. The answer to this question will show the specific 

critical problems and opportunities within its region (the best location(s) to implement a design). 

These problems and opportunities are shown in a map. 

Literature study 
To show the specific critical problems and opportunities of the Tangon River the water system and 
spatial area will be further analysed.  
 

Field study 

To expand the information sources the field study confirm or invalidate the critical problems and 
opportunities shown in the created maps based upon the literature study.  
During the trip along the Tangon River pictures are made to explain why an area is confirmed or 
invalidated. Next to the pictures of the landscape of the areas, examinations are done when an area 



is confirmed. This examination consists out of checking if the area is mapped the same as found in 
the literature. Crucial to the design is that the area is mapped correctly. 
 

2. Sub question: Stakeholder analysis 

The second sub question is: “Which stakeholders to take into account looking for possible 
measures?”. It is important to know which stakeholders are involved when working towards a design. 
In this sub question stakeholders are interviewed and asked if they have any advice for the 
development of the design.  
 

Influence vs interest 

A list of stakeholders will be composed to give an overview of the key stakeholders in the area 
around the Tangon River. The stakeholders that are contacted are listed below. Stakeholders which 
are identified during the research are added to the list if it has value to the research.  
 

- Presidential Commission for the Urban Poor, Mrs Chloe T. Manlosa-Osano 
- City Engineering and Public Works, Engr. Rosette Villaflor 
- Municipality of Danao, City counsellor Mr Edmund Lao 
- General Services Office, Engr. Virolo Armenteros 
- Danao Waterworks, Engr.  Morales 
- Disaster and Risk Management, Hon. Roland Reyes 
- Residents river bank, Mr Alanio Manulat 

 
Also the influences are measured with the interests to get acknowledged with these proportions.  
 

Interview 

The interview confirmed or invalidate the data that is put into the maps and tell if adjustments are 
needed. Furthermore, sketches of possible solutions are shown to the stakeholders. The thoughts 
and possible advice the stakeholders have are noted.  

The local residents and government officials are interviewed. Every stakeholder got a set of 
individual questions.  

 

3. Sub question: Design  
The third sub question is: “What design is possible on which location(s)?”. The answer to this 
question resulted into a design that shows the opportunities for the Tangon River to reduce the 
storm water runoff, increase the water storage and to improve the river quality.  
 

Program of requirements 

To ensure the quality of the design a program of requirement has been setup. The design needs to 
meet these requirement to be successful. The design functions are divided into soft and hard design 
functions. Hard design functions are required for the design and soft design functions are optional. 
Furthermore, the boundary conditions are set to ensure the mind map has enough focus to the main 
goal. 
 

Mind Map 

To organise all the possible ideas during the brainstorms the Mind Map is used. The Mind Map helps 
to find as many ideas as possible and organize them. It is important to set the main goal and to divide 
the main points from the sub points. This created the overview of all the ideas and gives the chance 
to discuss them.  
 
 



SWOT 

The SWOT analysis is used to show the differences between the designs. Mind tools says: “A SWOT 
Analysis is an useful technique for understanding your Strengths and Weaknesses, and for identifying 
both the Opportunities open to you and the Threats you face.” (MindTools, 2015) So this technique is 
useful to help understanding the strengths, weaknesses, opportunities and threats of each design.  In 
Figure 1 and Figure 2 the template of a SWOT analysis is filled in with two different designs. 
 

 
 
 
 

Furthermore, the data of a SWOT analysis can be analysed with the use of a Confrontation Matrix. 
According to Expert Program Management the Confrontation Matrix allows you to analyse each 
different combination of strengths, weaknesses, opportunities, and threats (Expert Program 
Management, 2014). When completed, the Confrontation Matrix will identify the most important 
strategic issues the design is facing, as shown in Figure 5 and 6. 
 

Results and conclusions 
When all findings from the different analyses, water system analysis, spatial analysis and the 
stakeholder analysis are combined a clear picture of the problems and desiderates appears , as shown 
in Figure . An increase in water storage and an improvement of the water quality of the secluded 
river branches is needed to improve the health environment and to prevent floods originating from 
rain shower and high tide. According to these desiderates a program of requirements is created. 
For the implementation of a design for these desiderates, multiple stakeholders play a part for a 
success. The Danao City Counsel and its residents play the biggest part and are included in the 
research.  

Figure 1 Concrete design - Strengths, Weaknesses, 

Opportunities, Threats (MindTools, 2015) (N. Boer & 
I.B.M. Opdam, Adobe Acrobat ) 

Figure 2 Vegetation design - Strengths, Weaknesses, 

Opportunities, Threats (MindTools, 2015) (N. Boer & 
I.B.M. Opdam, Adobe Acrobat ) 



 
 

 
 
 
 
 
 
 

 
 
By connecting the Tangon River to the secluded river branches, North and South of Danao City a 
water flow appears that will flush out the pollution in the new connected river branches. This water 
flow will flush the pollution to the debouchments in the east. This will ensure the disappearance of 
bad smell and bacteria that could have caused diseases.  

In combination with the added water flow the solid waste will be collected using a triangle 
raster in the debouchments to prevent loss of marine life near the  coast. To prevent the high tide 
from entering the new water system valves are installed to keep the water outside.  
 
Next to these improvements the design is also dimensioned to withstand extreme weather showers 
that occur once in four years, this creates a reduce in flood hazards. And creates a total water 
storage of 11.439,3 m3, as shown in Figure 4. The combination of these solutions will create an 
environment for a healthy and sustainable water system in Danao City.  

  

Figure 3 Three critical 

problems regarding the 
water quality 
(OpenStreetMap, 2016) 

(N. Boer & I.B.M. Opdam, 
Field research, 2016) (N. 

Boer & I.B.M. Opdam, 
Adobe Acrobat ) 

Figure 4 

Diversion of 
water storage (N. 

Boer & I.B.M. 
Opdam, Adobe 
Acrobat ) 



Recommendations  

There are two designs that can be implemented, a concrete design and a vegetation design. After 

comparing the strengths, opportunities, weaknesses and threats in a Confrontation Matrix there is 

chosen for the concrete design since this design has a higher score , as shown in Figure 5 and 6. In the 

remaining texts the recommended points of interest are described. 

When implementing this design the water storage will increase, this causes the reduce of the 

consequences of heavy rainfall. 

When people see the design, residents will create more awareness regarding water quality and 

preventing floods, alluring them to create a mind-set for a cleaner environment.          

                        The people do not have to regulate the water flow since the dam will create the right 

amount of flow. The only maintenance that is needed is the collection of solid waste and maintaining 

the waterway.  

The biggest opportunity is the creation of a much healthier environment. Diseases will be less likely 

to occur since the water quality is majorly improved. 

The biggest weakness is the obstruction of roads. There are a few intersections in the design 

between rivers and roads that need construction for the waterways to be connected that the 

residents will experience as annoying. 

Another weakness is that the design is an aftereffect solution, this means that the solution solves the 

symptoms of the problem. This design cannot serve as a solution for the behaviour towards the  

waste management of the residents in the riverbanks. A social research is needed to create a better 

waste management in the riverbanks between the government and residents.   

One of the best strengths on the other hand is that the concrete design will create an 

environment for a cause related solution. A cause related solution would be a place where waste no 

longer ends up in the waterways.  This is the social aspect of the problem. This design gives Danao 

City a solution for its waste problems and a platform to improve the water quality even further. 

Recommended is a follow-up social study to research a way where waste is rightly disposed of.  
 

 

Figure 5 Confrontation Matrix - Concrete design Figure 6 Confrontation Matrix - Vegetation design 
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Appendix 1, Design 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Figure 9 Cross 
section dimensions 
Inflow release gab 

(N. Boer & I.B.M. 
Opdam, Adobe 
Acrobat ) 

Figure 7 Situations of 

the waterway in the 
river branches (N. Boer 
& I.B.M. Opdam, 
Adobe Acrobat ) 

Figure 10 Raster 
and valves in the 

debouchment of 
the South river 
branch (N. Boer & 
I.B.M. Opdam, 
Adobe Acrobat ) 

Figure 11 Operating of 
catching solid waste 
(N. Boer & I.B.M. 
Opdam, Adobe 
Acrobat ) 

Figure 8 Cross 
section dimensions 
Inflow (N. Boer & 

I.B.M. Opdam, 
Adobe Acrobat ) 

Figure 12 Different situation 

between the river- and sea 
level (N. Boer & I.B.M. Opdam, 
Adobe Acrobat ) 



Appendix 2  News article, Danao to flush out water from 2 barangays 

 
 

 

 

 

 

 

THE Danao City Council will deliberate this week on how much it will cost to 

flush out stagnant water in two barangays to eliminate diseases and prevent floods. 

City Councilor Edmund Lao said the stagnant water is in catchment areas situated in Barangays Looc 

and Taytay. 

The recommendation to remove the stagnant water came from two foreign students who conducted 

a study in compliance with their academic requirements abroad. 

The students, Ide Opdam and Niels Boers, of the University in Rotterdam School of Applied Sciences 

in The Netherlands, recommended that water from Tangon River be used to clean up catchments in 

Looc and Taytay. 

The water from Tangon River is flowing directly to the sea while the water in Looc and Taytay 

remains stagnant and can no longer flow to the sea because of garbage thrown by informal settlers 

in the two barangays, and the growing nipa plants. 

The foreign students recommended that the water from Tangon River, which is located in the upper 

portion of Danao City, be diverted to Looc and Taytay to flush out the stagnant water.  

However, Opdam and Boers also recommended to the City Council that the stagnant water shall be 

treated first to prevent pollution in the sea. 

The students presented the results of their study during the City Council session last week, presided 

over by Vice Mayor Thomas Mark Durano and attended by 10 city councilors. 

Attendance 

Also in attendance were general services head Verulo Armenteros, City Engineering Office head 

Rosette Villaflor and Fe Morales of the City Waterworks Office. 

“They insisted that the project, if implemented, will ensure continuous flow of wate r to the branches 

of the river until it reaches the sea. With this, it would eliminate stagnant water thereat, flush out 

wastes, hence, prevent diseases and flood,” Lao said.  

Durano assured the students that the City Government will consider their study for implementation. 

Meanwhile, Reyes said that City Mayor Ramon “Nito” Durano III has created the River Management 

Board now headed by City Administrator Oscar Rodriguez Jr.  

Reyes said the creation of the board is also in relation to the bulk water supply de al that the City 

Government has entered into with Metropolitan Cebu Water District.  

 

Published in the Sun.Star Cebu newspaper on November 29, 2016. By ELIAS O. BAQUERO 

Flushing out. Students 
suggest that the water 

in Tangon River in 
Danao City be diverted 
to the catchments in 

other areas to flush out 
water there. (Sun.Star 
Foto/Allan Cuizon) 



Appendix 2   Resolution letter   



 

 


