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1 INTRODUCTION
The ARCADIS Shelter Program supported the UN-Habitat Philippines ASUD
(Achieving Sustainable Urban Development) program with a technical mission to
Iloilo City from 13th December to 19th December 2015.

Figure 1: location of Iloilo city in the Philippines

The mission was part of the ongoing support by UN-Habitat through the ASUD
program. Earlier in 2015 the Shelter program supported UN-Habitat in Iloilo and
officials of Iloilo municipality were invited to the Shelter Academy in The Netherlands.
The December 2015 mission was conceptualized to assess groundwater resource
management particularly on issues such as availability, quality, and governance. The
mission team was composed of three technical experts from ARCADIS in
collaboration with local UN-Habitat staff and Iloilo City Planning and Development
Office personnel.
Major findings and recommendations of the mission included the need for expanding
the capacity of current groundwater pumping wells to accommodate the estimated 1.5
percent annual population growth rate of the city, investing on surface water and
rainwater harvesting technologies, establishment of comprehensive water quality
monitoring program and setting-up of data-based management systems,
implementing protection zones around groundwater pumping wells, creating a water
management master plan for Metro Iloilo-Guimaras Economic Development Zone
(MIGEDC) and increasing the water governance function of the city with regard to
permitting, distribution, operation and protection.
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2 MISSION TEAM AND PROGRAMME
The Shelter program is a partnership between Arcadis and UN-Habitat where Arcadis
supplies on a pro bono base technical assistance to UN-Habitat. In this case UNHabitat Philippines asked for technical assistance related to groundwater issues for
the City of Iloilo.
The mission took place from 13th December to 19th December 2015.

2.1 The Mission Team:
drs Jeroen Helder
Sr Hydrologist, Arcadis Netherlands
Areas of expertise: groundwater studies, flood control, stream restoration (16 years)

Alex Chua, BS Chemical Engineering
Senior Project Manager / Environmental Engineer, Arcadis USA
Areas of expertise: groundwater assessment and remediation (25 years)

Paul Magbanua, BS Mechanical Engineering, MS Environmental Engineering
Operations Lead, Water and Wastewater, Arcadis Philippines
Area of Expertise: Water and Wastewater Design, Construction, Operations (18
years)

Reinero Flores
ASUD Project Manager, UN-Habitat

David Garcia
Urban Planner and Mapping Specialist, UN-Habitat

Additional support:
Cris Rollo
Country manager UN-Habitat Philippines

Bert Smolders
Shelter program manager, Arcadis Netherlands
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2.2 Day to day Program
Date

Activity

Sunday 13 December 2015

Pre mission briefing, Manila

Monday 14 December 2015

Flight to Iloilo,
Meeting with Iloilo City Planning Officer &
Staff

Tuesday 15 December 2015

Field Visit
Headwaters and Treatment Plant
MIWD
Iloilo City Sanitary Landfill (Solid
Waste expansion site)

Wednesday 16 December 2015

Field Visit
Excavation works at Iloilo Business
Park
MIWD office
Lunch meeting with MIGEDC
Iloilo Coastal zone and PCE
Coal Fired Power Plant
Dinner Meeting with Iloilo City Vice Mayor

Thursday 17 December 2015

Data / Literature analysis and presentation
preparation

Friday 18 December 2015

Presentation and discussion at City
Planning Department
The team was invited to join the Christmas
party of the City planning department

Saturday 19 December 2015

Flight to Manila and debriefing
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3 OBJECTIVES
The objectives of the mission were formulated during the first day after the meeting at
the city planning department.

3.1 Goal:
The goal of the mission is:
•

Assess groundwater quality for human use and consumption within Iloilo City
boundaries

With this goal tree key questions were stipulated:

3.2 Key Questions
One of the concerns for the city government is the availability of drinking water and
the fact that not every citizen in Iloilo has access to safe tap water. Many citizens
depend on shallow groundwater wells for their water supply. With regard to
groundwater availability, groundwater quality, and LGU roles, three key questions are
addressed in the following sections.

1. Is the amount of groundwater within the city limits sufficient for human use and
consumption?
2. Is the groundwater quality fit for human use and consumption?
3. How will the local government unit (LGU) manage the water supply for its
population?
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4 KEY FINDINGS
The mission team concluded the city government at present does not have control
over any drinking water supply resource. However the team also encountered a highly
motivated city staff with regard to addressing the challenges of Iloilo water issues.
The team noticed the absence of reliable data on water supply and groundwater
resources. Monitoring data is very scarce and not easily available. A lot of the water
related issues are therefore hard to quantify. Monitoring should be implemented by
the municipality to be able to develop governance. Data are needed to be able to
identify problems which need to be addressed or if a problem is a one-time event
related to extreme circumstances.
The availability of safe drinking water in Iloilo is a major issue. Water sources are
limited so the supply should be of mixed sources. Surface water and groundwater
sources as maintained by MIWD, supported by rainwater harvesting which could be
supported by the Iloilo municipality.
Protection of groundwater recourses could be improved. Philippian legislation already
provides the concept of groundwater protection for groundwater wells, but no
evidence of protective zones around groundwater wells were encountered during the
mission.
City planning already adapted the concept of blue-green zones within the city to make
the urban area more water proof and more resilient to climate change. However
capacity building by training local staff in integrated water management will help the
municipality addressing water issues and climate change.
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5 CURRENT WATER SUPLY
Drinking water is produced by the Metro Iloilo Water District (MIWD). The MIWD was
organized by the government in 1978 and is the official purveyor of water in Iloilo City
and seven surrounding municipalities. The MIWD controls the Tigum river intake; and
water treatment facilities in Maasin and Santa Barbara municipalities; 10 deep wells in
Pavia, Oton, and San Miguel; over 200 km of transmission pipes from Maasin to
Santa Barbara; and over 250 km of distribution pipes in their service areas. 73% of
MIWD water volume comes from the Tigum River and 27% from wells. (USAID, 2013
on Hechanova, 2009).

Only 20-40% of the population is connected to the distribution network (USAID) so the
people highly depend on shallow groundwater wells and bottled water. There are
indications that network losses are high and those 20 – 40% that are connected to the
distribution network do not have continuous water supply.
Besides MIWD there are several bulk water suppliers who produce water from deep
wells and sell it to MIWD or directly to inhabitants. Other uses of groundwater are the
increasing number of car wash facilities.
Since MIWD water is reported (USAID interviews) to be clearly dirty in color or has an
unpleasant smell, the entire community largely relies on bottled water for drinking.
Besides the problems mentioned above there is increasing stress on water availability
due to climate change and water quality issues. River water availability in dry season
is diminishing whereas risks of flooding in the rainy season is increasing.
The use of groundwater might be a solution for periods with low river water
availability. In order to establish this possibility both quantity and quality of
groundwater need to be sufficient and protected
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6 GROUNDWATER SUFFICIENCY
In order to estimate the availability of groundwater we have to understand the (geo)
hydrological system. As shown on Figure 2, a conceptual profile is given in which we
can see that in the upper part of the catchment the subsurface consists of igneous
rock, shale and sandstone. The lower plain consists of two tertiary sandy aquifers.
This conceptual profile is not to scale and not verified with bore logs. Inadequate data
were available during the mission for verification of the system. The main sources for
geohydrology are the GMP (2013) and Smith (1936).

Figure 2: Conceptual geological profile from watershed to Iloilo city

The upper watershed (above the intake Tigum river point) is protected area where
agroforestry takes place. No information on the status of the forest coverage in the
watershed was available during the mission, nevertheless the protection should
include maintaining a coverage of the entire area with forest to keep water retention
and infiltration capacity as high as possible. During the field trip a truck was loading
bamboo being parked in the river bed. Since this practice introduces a risk of fuel
spills in the river, this practice must be prohibited.
In the mountainous range water infiltrates through cracks and porous rocks, in the
plain the water infiltrates in the sandy soil. There are two aquifers in the alluvial plain,
the shallow aquifer, ranging from 5m to 35m. The aquifers are separated by a 15m
thick clayey layer. The deeper aquifer has a depth which ranges from 50m to 75m
according to the GMP and from 75m to 300m according to Smith.
Annual precipitation is sufficient to supply the water needs in the area, however the
temporal distribution causes deficiencies in dry season.
In order to estimate the groundwater availability an estimation of the amount of wells
needed is made. If all water are produced from wells and all people within metro-Iloilo
are served, between 80 to 200 wells are needed. This is based on the assumption
that the 27% groundwater is at simultaneously production through surface and
groundwater.
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Scenario

Number of wells

Number of people

Current

11 wells produce 27% of water

20% - 40%

All production from wells

100/27 * 11 = 40 wells

20 – 40 %

All production from wells to all metro 40 wells for 20 – 40 % =>
citizens
80 – 200 wells for 100 %

100%

Table 1: estimation of numbers of groundwater wells needed to supply the needs for the entire
Iloilo population.

If groundwater production depends on wells similar to the ones in San Miguel
reaching 100% groundwater production is not a realistic option. However if the
observation in Smith that the second aquifer extends to 300 m depth than is should be
possible to extract much higher extraction rates than in the current wells.
In the GMP effects of the extraction are estimated using a groundwater model. The
calculated effects are presented for extraction with 6 pumps with a rate of 1728
m3/day and 2160m3/day. The GMP concludes that sustainable extraction at these
rates is possible. However the model is based on little data and the mission team
noticed boundary effects in the model which indicate elevated uncertainties of the
model results.
Present production of the wells is maximum 1000m3/day which is considerable less
than earlier production rates. Maintenance and cleaning of the well bores might help
improve well efficiencies resulting in higher production rates.
Although there are no current measurements available that indicate depletion of
groundwater, depletion is considered a high risk. Especially when river intake in dry
season is limited groundwater availability is essential. In order to maintain a
sustainable resource protection and groundwater recharge is needed, artificial
recharge could be considered if analysis shows that natural recharge will not be
sufficient for seasonal variation of groundwater needs.

12

7 GROUNDWATER QUALITY
The groundwater quality as reported by MIWD is generally good and meets drinking
water standards. The wells are located upstream of the major urban areas and since
the groundwater is extracted from deep wells, the water appears to be protected by
the overlying clay layer. Nevertheless the risk of contamination from contaminant
sources such as fertilizers and other agrochemicals (insecticides, pesticides and
others), chemical manufacturing facilities (solvents, et cetera), and fuel dispensing
stations (gasoline, diesel, other petroleum products) are present and therefore
groundwater resources must be protected.

Both the shallow and the deep aquifer are subject to salination. The GMP mentions no
change at sea level due to the extraction at the MIWD production wells. However the
extraction of groundwater both in the deep and the shallow wells increases the risk of
sea water intrusion. Figure 3 shows the mechanism of sea water intrusion.

Figure 3

Since fresh water is less dense than sea water fresh water floats on salt water. The
extraction of fresh water reduces the thickness of this so called fresh water lens as
salt water moves upward. Although the groundwater levels stay more or less the
same, the amount of available fresh water is reduced. The expansion of urban areas
with increased paved area where no recharge of groundwater is possible increases
this problem of salination. Rainwater is the source of fresh water, and should be
allowed to infiltrate into the ground within urban areas.
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8 WATER GOVERNANCE
The role of the LGU in water management depends on the capacity and motivation of
that LGU to be a leader in water governance and the possibilities of the LGU in
relation to national legislation.

For Iloilo’s water supply there are several players involved:
•
•
•

MIWD which supplies up to 30% of the inhabitants of Iloilo
Barangay-level water associations (BAWASA) who fill in the gap in water supply.
No data on the number of customers of the BAWASA are available during the
mission
The rest of the population is supplied by private bore wells or water pumps and
bottled water.

It has been noted during the team’s visit that there is some kind of disconnection
between the LGU and other government agencies involved with water resource
particularly MIWD, Department of Environment and Natural Resources (DENR) and
National Water Resources Board (NWRB). LGU has a minimal involvement or has a
little influence in the management of Iloilo City’s water supply particularly on the issue
of permitting, distribution, operation and protection.

Even the agencies involved in the water industry have been deliberating and could not
get to agree with one another their actual role, since there are a lot of overlapping of
functions on the mandate they have under the law.

In the viewpoint of Iloilo City Government, it has been recognized by the team that
they are very much committed in addressing the present water issues of the
metropolis by trying to reach out with other government agencies by gradually filling in
the gaps and straighten up some of the overlaps.

8.1 Legislation
RA 9275 (Clean Water Act of 2004)
Under the Clean Water Act of 2004, the LGU has a major role to play in the
management of water resources under their jurisdiction. It has been clearly defined
under this Act the involvement of the LGU or its representative on various functions on
the committees, sub-committees and sub-groups that specifically tasked to manage,
control, protect and regulate the water resources. The following are the excerpts from
the CWA at its provisions:
“The Department shall gradually devolve to the LGUs, and to the governing boards
the authority to administer some aspects of water quality management and regulation,
including, but not to be limited to, permit issuance, monitoring and imposition of
administrative penalties, when, upon the Department’s determination, the LGU or the
governing board has demonstrated readiness and technical capability to undertake
such functions.”

Section 20
14

LGUs shall share the responsibility in the management and improvement of water
quality within their territorial jurisdictions. Each LGU shall within six (6) months after
the establishment of the water quality management area action plan prepare a
compliance scheme in accordance thereof, subject to review and approval of the
governing board.
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“Each LGU shall, through its Environment and Natural Resources Office (ENRO)
established in Republic Act No. 7160, have the following powers and functions:
a.
b.
c.
d.

Monitoring of water quality;
Emergency response;
Compliance with the framework of the Water Quality Management Action Plan;
To take active participation in all efforts concerning water quality protection and
rehabilitation; and
e. To coordinate with other government agencies and civil society and the concerned
sectors in the implementation of measures to prevent and control water pollution.”
Further to the provisions of CWA, DENR shall, in coordination with NWRB, DOH,
Department of Agriculture (DA), governing board and other concerned government
agencies and private sectors shall take such measures as may be necessary to
upgrade the quality of water in attainment and non-attainment areas to meet the
standards under which it has been classified.

Upgrading of water quality shall likewise include undertakings which shall improve the
water quality of a water body to a classification that will meet its projected or potential
use. The LGUs shall prepare and implement contingency plans and other measures
including relocation, whenever necessary, for the protection of health and welfare of
the residents within potentially affected areas.

In line with the water resource protection and preservation, it is embodied in the CWA
that the national agencies concerned through coordination with the LGU shall develop
a national sewerage and septage management plan. It would include the listing of
sewerage, septage and combined sewerage-septage projects for LGU based on
population density and growth, degradation of water resources, topography, geology,
vegetation, programs/projects for the rehabilitation of existing facilities and such other
factors that is relevant to the protection of water quality.

The LGU may raise funds to subsidize necessary expenses for the operation and
maintenance of sewerage treatment or septage facility servicing their area of
jurisdiction through local property taxes and enforcement of a service fee system.

The LGUs may employ its power to issue ordinances if any other acts detrimental to
water quality need to be prohibited. It may likewise use its powers under the Local
Government Code to ensure compliance.

Other task in the Act the LGU will have a pro-active participation is in the development
and formulation of the following action plans:

•
•
•

Water Quality Management Area Action Plan for each WQMA
Groundwater vulnerability mapping
Water quality guidelines
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8.2 Practice
Although legislation states differently, the current situation is that the LGU does not
have any influence nor control over drinking water nor groundwater in its territory.
Although it couldn’t be denied that the City has been working proactively with its
neighboring towns in the form of an alliance called Metro Iloilo-Guimaras Economic
Development Zone (MIGEDC), to collectively act with regards to the water resource
issues in their territory.

The City through the CPDO has been coordinating with NWRB and DOH, in a very
cooperative manner, to comply with the provisions of the CWA and gradually takes
lead in the herculean task of management the water resource under its jurisdiction. So
far, they are making some progress in their efforts especially on the issue of
devolution of functions by the national agencies, but there are still some conflicts that
should be ironed out especially with Metro Iloilo Water District where cooperative
efforts through close coordination is required to attain the efficient and effective water
supply and distribution to the people of the City.
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9 EXAMPLES AND BEST PRACTICES
9.1 Artificial aquifer recharge
Recharge of groundwater can be enhanced with infiltration ponds or even with
recharge wells. Sources of water can be from rain, but also river water or treated
waste water. The figures show some examples of aquifer recharge.

Figure 4: schematic presentation of aquifer recharge with a well in a deep aquifer. Seasonal
variation is used to store water during wet months and use it in the dry season.

Figure 5: map (left) and picture(right) of aquifer recharge in the dunes of the Netherlands. A
system of canals is filled with river water to infiltrate in the sandy dune area, thus providing
drinking water resources for the city of Amsterdam.
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9.2 Groundwater protection
For groundwater protection a protection zone around wells is needed. A simple
approach is just using a distance around the well, more advanced methods use
groundwater models to calculate the time of travel to the well.

Figure 6: representation of groundwater protection areas around a well.

Protection includes prohibition of well drilling for other purposes, thus keeping existing
protection by overlaying layer intact as well as prohibition or limitation of activities like
petrol station, car washes, and septic systems.
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9.3 Blue green zones and wades
Within city limits space must be reserved for water. Since those areas are needed
only when it is raining those areas can serve dual purpose.

Figure 7 examples of wades,left when dry available for recreation and childs play, right when
raining for water storage and infiltration.

Figure 8: Canal with sloping banks keep an attractive view both with low and high water levels.
The banks can supply space for ecologic area or recreation
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9.4 Contamination
During the visit to the MIWD plants the mission team noticed the presence of a diesel
power station next to the drinking water pump basin. Spills and leakage of diesel will
thus easily contaminate the production location.
Suitable watertight roofing and flooring and relocation downstream of drinking water
production facility are a must.

Figure 9: Risk of contamination, diesel power generator next to the drinking water basin
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10 CONCLUSIONS AND RECOMMENDATIONS
Based on review of available data and information gathered during the visit, the
mission team concludes the following:
•
•
•
•
•
•

For human use and consumption, the City of Iloilo has no control over any water
supply resource.
At current conditions, a network of 23 groundwater pumping wells may be required
to service the whole City of Iloilo population.
Condition of the distribution network for drinking water is not very well. Amount of
loss could be up to 70%, but no actual number was available during the mission.
Groundwater in the shallow zone (perched zone) appears to be observed at
approximately 5 meters below mean seal level. The formation within this depth is
generally poor sorted sand with up to 20% silt and clay.
The threats on such resource are the following: depletion, contamination from
industrial, domestic, and agricultural activities, and increasing built-up areas.
It appears that groundwater quality north of the city boundaries are within
acceptable standards for human use and consumption. However, these results
may or may not be indicative of the groundwater quality in the City limits.

10.1 Recommendations
Based on available data and information gathered during the visit, the mission team
recommends the following:
•
•
•

•
•
•
•
•
•
•

•

For human use and consumption, the supply should be from mixed sources such
as groundwater, surface water, and rainwater harvesting;
Planning, design, and development of a citywide network of blue and green
spaces;
Implement a comprehensive groundwater monitoring and sampling program, with
at least a semi-annual sampling rate according to industry standards, and enforce
or implement the current policy of regular water quality testing. Current practice
covers bacteriological and chemical testing that should be conducted by the health
department of the city.
Push for a cooperation with NWRB
Investigate the option for a deep exploration well (>300m) on the western rim of
the city boundary
Lithology profile
Salinity profile
Possible pumping test
If groundwater quality exceeds the standards set by the Clean Water Act and the
Water Code of the Philippines, a remediation action plan must be prepared and
implemented to address these exceedance in a timely manner.
Implement groundwater protection zones around production wells (1,000ft in the
US); 25yr and 100yr in the Netherlands), Include regulation of small private water
pumps that drill directly to the groundwater source. Existing laws require distances
of these wells from septic tanks and other similar sources of contamination.
Start a training/education program for city government officers with respect to
water issues.
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10.1.1 Groundwater protection
In order to protect groundwater resource for the future and make it possible to extract
drinking water in the next decades it is highly recommended to implement
groundwater protection zones around current and future groundwater pumping wells.
The zones can be identified as a circular distance around wells or can be defined by
calculation of travel time. For example groundwater protection in the United State will
typically be 1,000ft, in the Netherlands protection zones are defined for 25years and
100year travel time. In the Philippines there is legislation for protection of wells and
pumps, but no protection zones around groundwater wells were observed during the
mission.
Within groundwater protection zones, any activity, process, and/or operation that uses
and/or produces chemical compounds that are a direct treat to groundwater quality
must either be prohibited or must be closely regulated. Activities that use or produce
chemicals that can negatively impact the quality of groundwater may only receive a
permit if protective measures are in place and may have to conduct periodic
monitoring such as yearly groundwater sampling to show compliance. One example is
regulating the operation, maintenance, or removal of underground storage tanks
(USTs) used for fuel dispensing in the city. Leaking USTs are the most common
cause of groundwater contamination.

Also it is not allowed for others to conduct bores in the area. Any overlaying clay
layers that protect groundwater against contamination should stay intact.
Besides protection of individual wells or well fields, there is the option to protect
certain areas as strategic groundwater resources for future use. This means that an
area is protected against pollution and extraction. The groundwater is reserved for
future drinking water production.
Analysis of Philippine legislation will show the legal possibilities to assign protection to
wells and strategic groundwater reserves.
In areas where no extraction for human use and consumption takes place the level of
protection for contamination of groundwater can be less. Here general rules and
legislation apply.
If the groundwater quality exceeds the standards set by the Clean Water Act and the
Water Code of the Philippines, a remediation action plan must be prepared and
implemented to address these exceedance in a timely manner.

10.1.2 Groundwater quantity
To maintain sufficient fresh groundwater it is important to reduce excessive use and
spills, but also it is important to maintain sufficient recharge. With increasing
urbanized area the amount of paved area increases which makes infiltration
impossible thus causing depletion of fresh water.
In order to maintain sufficient groundwater land use planning should emphasize on
water infiltration. Not only in the urban areas of Iloilo where this blue-green approach
has been adopted by the planning department.
Also in rural areas, water management should emphasize on water retaining.
Alongside rivers and streams vegetated areas and water retention are measurements
that will reduce flash flood discharge and will increase groundwater recharge.
Rainwater is a valuable source and should be kept where it falls as much as possible,
instead of being transported quickly to the sea like it would be waste.
If climate change will lead to more drought in the dry season, the possibility of artificial
aquifer recharge might give an option to increase the availability of groundwater. The
concept of artificial aquifer recharge is to store water when it’s abundant, use the
purifying effect of infiltration in the soil and extract the water when it is needed.
23

Since groundwater on its own is probably not sufficient as source of drinking water a
mixed system should be maintained. Surface water, groundwater and rainwater
harvesting combined can supply the population of Iloilo with safe clean drinking water.

10.1.3 Knowledge and governance
During the mission, the lack of pertinent technical data was very clear.
Therefore it is recommended to implement a comprehensive groundwater monitoring
and sampling program, with at least a semi-annual sampling rate according to industry
standards.
It is highly recommended that the City of Iloilo collects and stores monitoring data in a
structured and automated way. Monitoring data such as groundwater levels (in meters
to mean sea level!) and water quality analysis must be stored digital in a database
system together with the spatial component (xyz coordinates). Therefore a spatial
database would be ideal.
This makes it possible to analyse the collected data both in time and space to identify
trends, treats and opportunities.
The groundwater monitoring program should not only include the collection of data by
the municipality itself but also include the way to store and process the data collected
by other parties, both private like the power plant, and public like the MIWD.
In order to gain knowledge of the aquifers the municipality should seek possibilities for
a deep exploration well (>300m) on the western rim of the city boundary. This could
either be a new groundwater production well, a geothermal well, or an exploration
well. This bore may provide information on: Lithology profile, Salinity profile, and if
possible include a pumping test.
Push for a cooperation with NWRB
Start a training/education program for city government officers with respect to water
issues.
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11 MISSION REPORT PHOTOS
Monday 14 December 2015

Figure 10: meeting city planning department

Tuesday 15 December 2015

Figure 11: MIWD surface water intake point(left) and production facility (right)

Figure 12: city landfill extension site
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Wednesday 16 December 2015

Figure 13 Excavation site (left), coastal area (right)

Thursday 17 December 2015

Figure 14: Soil sample analysis showing the coarser material at the bottom and the
fine sand and silt on top of that. The uppermost layer is a very thin layer of clay.

Friday 18 December 2015

Figure 15: the mission team with the entire city planning department at the Christmas party.
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